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REPORT. 

L Genesee River Storage. 

(f One of the provisions of chapter 726, Laws of 1893, makes an 
&pjm)priation of $10,000 to be expended by the State Engineer 
I ^*id Surveyor for deiteimiiring the advisability and desLraMlity of 
loarryirig ont the plan recommended by the commissioners, Evan 
f Thomas, John Bogart and Qhas. McLouth, in their report to the 
/ Legislature of February 2, 1893, on the subject of imptrovirig the 
supply of water from the Genesee river to the Erie canal, and for 
making such maps, plains, estimiajtes and recommendations in 
connection therewith as he may deem desirable. In carrying 
out the purposes of this law, I organized lan engineering party, 
under the charge of Mr. Geo. W. Rafter, 0. E., and entered upon 
a critical and extensive examination of the conditions existing 
here. I have also held frequent consultations on the engineering 
quesifcions involved with the Hon. Elnaithan Sweet, O. E., and 
submit herewith the reports handed me by these two gentlemen. 
As the questions concerning the flow of the stream, the pondage 
to be obtained by dams, of various heights at different sites, and 
the amount of land to be overflowed by the proposed dame, have 
been so ably and exhaustively treated by my predecessor, Hon. 
John Bogjatft, in his report to the Legislature for the year ending 
September 30, 1890, and the appendices thereto, I have con- 
sidered it useless to investigate them further, but accepting his 
conclusions on these questions, have confined my examination 
to local conditions affecting the construction of dams at the 
three sites herein referred to, especially as to the character 
of the foundations, the means of transportation for the large 
qxianitifty of material entering into a work of such magnitude, the 
prabaible source from which the needed stone, sand, cement, day, 
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' ef&, can 1>e (Jrawn, the proper dimensions and locaitionfl of dams 
in the proximity of sites No®. 1 and 2, referred to in the report of 
the State Engineer and Surveyor for the year 1890, and the 
repodrti of ithe commission of 1893, and also of a dam on a new 
loratfflan, dtesignated herein as' the "hog back" location (but 
which his not been previously considered), with their spillways 1 , 
regulating works, etc. I have also made preliminary study of 
the different forms of dams which I consider may safely be 
recommended for construction at the different sites proposed; 
for first, a dam fifty-eight feet high; second, a dam fifty-eight 
feet high, but so designed asi to be capable of being increased to 
t^ie height of 130 feet; third, a dam 130 feet high, built con- 
tinuously; and fourth, raising the fifty-eight feet dam (No. 2) to a 
130-feet dam (No. 3), and herewith submit tracings showing these 
different plans. 

On site No. 1 it is proposed to erect a stone dam having a spill- 
way over itls top. As it is desirable to reduce to a minimum, con- 
sistent with proper economical considerations, the depth of the 
sheet of water passing' over it in times of excessive flow, I do not 
think the spillway should be of less length than 400 feet 
and the face work of this portion of the structure should be built 
of granite. The remainder of the exposed portion of dam would 
probably best be built of Pennsylvania sandstone, while its back- 
ing could be composed of stone found at Portage, Nunda or 
possibly even nearer the site of proposed work. In order, however, 
to piroteet the base of the structure from the eroding action of 
the water, which in time of flood will pass over its crest, it will 
be necessary to obtain a water cushion, immediately below the 
structure, not less than thirty feet deep. This can be accom- 
plished by the building of a subsidiary dam somewhere between 
proposed site of structure and Mt Morris, te a height of fifteen 
or sixteeta feet above present surface of river. No apron or other 
protection would be required for this subsidiary dam, as it would 
be founded on rock at an elevation of fifteen feet below river 
which would not be eroded by a water fall of sixteen feet. 
Another advantage gained by this subsidiary dam is the increased 
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pondage it affords. In this structure, gatehouse and regulating 
works would necessarily become a portion of the dam itself. 

At site No. 2 it is also proposed to erect a masonry dam, but 
here the topographic conditions admit of the construction for the 
130-feet dam of a spillway 400 feet wide, entirely independent of 
the dam itself, cut out of the shale rock which forms the cliff and 
protected by stone side-walls and concrete bottom. As, however, 
the foot of this spillway would be located something less than 
100 feet from the toe of the dam, it would be necessary to provide 
here as at site No. 1 a thirty-feet water-cushion. In this con- 
struction only a small amount of granite would be needed fo<r 
gate-house and trimmings. Otherwise materials required will be 
similar to those needed at No. 1. For a fifty-eight-feet 
dam here, if the water cushion, referred to, is provided, 
the spill could probably be safely taken over the crest 
of the dam. In this construction, as at site No. 1, the 
gate-house and regulating works would necessarily be built as a 
portion of the dam itself. 

At the " hogback " location it is proposed to build 
an earthen dam with a masonry core. The earthen dam 
is to be raised to a height of twenty-five feet above ordinary 
level of water and a spillway obtained by cutting through the 
narrowest portion of the remarkable ledge of rock which exists 
here and which it almost looks as though nature had provided for 
this purpose. 

Neither my predecessor nor the commission of 1893 seriously 
considered the location now proposed, for the reason that a 
superficial examination of this hog back raised some doubts as 
to whether or not it was sufficiently strong to withstand the 
pressure created by a high dam at this point The very careful and 
extended surveys that I have had made here and the experiments 
described in Mr. Rafter's report of pumping water, under pressure, 
into holes drilled for the purpose, remove any doubt on this sub- 
ject which could have heretofore existed. The advantages of this 
location are, first, that it removes the spillway entirely from the 
dam, and thus renders it impossible that, with a spillway of proper 
width and crest of dam placed at proper elevation, any damage 



can be done to the dam by tie most extreme freshet; second, it 
pendens it possible and convenient to erect gatehouse and regulat- 
ing works entirely independent of the dam; and,. third, the pro- 
posed structure can be built at from thirty to forty-five per 
cent less cost than at site No. 1. 

While I know a prejudice exists against the building of high 
flams, either partially or entirely, of earth, I am of the opinion 
that where ample spillway facilities cam be obtained completely 
Indtefpendent of the earthen etructurei, and wihere, as in 1 this case, 
roeki wiaills east, against which it is entirely feasible to make 
water-tight connections at the ends of the dam, this prejudice 
is entirely unifounded. By building a dam on the site here pro- 
posed, and erecting a spillway where I have designed it, the 
channel of the stream will be so changed that th,e daim will form 
at lake^ and thus become protected from wind action and, from the 
force of the current. 

Om all the sites heretofore treated of, a shale rock underlies 
the river-bed at various eleviations, averaging about fifteen feet 
below the normal surface of the river. Our borings and experi- 
ments made Hj pumping water into holes indicate that upper 
portion of the rock is somewhat porous in its nature. The plan 
which I have prepared, therefore, contemplates the digging of a 
trench to a depth of from fifteen to thirty-feet below the rock sur- 
face (or thirty to forty-five feet below the ordiniairy elevation of 
water in the river) and the filling of this trench with impervious 
concrete miasonry. With this treatment, aided possibly by putting 
in small quantities of grout below the elevations heretofore 
referred txa, I doubt not that all danger of leakage under base of 
dam will be obviated Based upon the plans and principles' here- 
tofore outlined, I estbmate cost of these various structures as 
foiUows: 

For fifty-eight feet dam, at site No. 1 $1,200,000 

For fiftiy-eaght-feiet dam, at site No. 2 1,300,000 

For fifty-eight-feet dam, at hog-baok site.. 850,000 

For a fifty-eightl-feet dam], built of dimensions 
below its crest rendering it practicable to raise 
the same to a height of 130 feet: 
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At site No. 1 12,250,000 

Alt site No. 2 .' 2,000,000 

At hog-back site 1,400,000 

To build a dam 130 feet high: 

At site No. 1 r . 3,150,000 

At site No. 2 '. 3,350,000 

At hog-back site 2,100,000 

To first build a dam nfty-edghti feet high, and 
afterwards raise it to 130 feefc: 

At cite No. 1 13,250,000 

At site No. 2 3,400,000 

At hog-back site 2,500,000 



A study of the plans and estimates! convinces me that), while 
it would be very desinaible to obtain, as ait site No. 2, a spillway 
entirely independent of the tffcruotuine iitsedf , thati the advantages 
to be gained thereby would not be coanimjensuiiate with the 
increased cost and loss of pondage of this Structure over that at 
site No. 1, and, therefore, that the choice of location has nac- 
rowed down to between site No. 1 and the hog-back site. 

The above estimates aire based upon the presumption that stone 
for concrete will have to be obtained from quarries at a consider- 
able distance fromi the proposed work, and those contemplating a 
stone structure presuppose the use of quarried gtxme in all its 
parte, except some of the minor founda&On work. It has been 
suggested that, by the use in concrete of the shales forming the 
cliff against which these dams abut, the cost of these structures 
may be materially reduced. In order to determine the value of 
these suggestions, I have had made a number of blocks of concrete, 
composed of stone, whose dutiable qualities and strength are well 
known, and of the shales in question, mixed with varying propor- 
tions of sand and cement, and these blocks will hereafter be sub- 
jected to such tests as are deemed necessary to determine the 
questions involved. Until these tests aire made, no intelligent 
conclusion can be arrived 'ait as to the desirability and economy of 
the proposed use of this shale. 
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The figures given by Mr. Bogairt and! adopted by the commission 
of 1893, seem to show pretty txmclusively that a dam fifty-eight 
feettt Mjglh is needed hetre for the best interests of the Erie carnal 
in its present condition. The consrtmctiom of a dam of this height 
therefore would develop little o«r no benefit to interests other than 
those of the Erie carnal, as in order to meet the canal requirements 
upon this pond it would be necessary to pretty constantly main- 
tain the elevarttfon of water up to the height of due crest of the 
spillway. If, therefore, this work is entered into not only for the 
purpose of supplying the present needs of the canal, but also its 
prospective needs, and for generating and forming a water stor- 
age which could be applied to other interests, I would strongly 
advise the building of a dam 130 feet high, which approaches the 
absolute control of the stream and secures to a large degree the 
full benefit of this most valuable resource. I have considered the 
problem of building such a fifty-eight-feet dam now, as it would 
be possible to heighten in the future to the 130-feet limit, but the 
difficulties of construction on this basis, as referred to in detail by 
Mr. Rafter, as well as the largely increased cost of the final secur- 
ing by this means of the 130-feet dam, render it, in my opinion, 
very desirable that if this work is undertaken, it shall be prose- 
cuted at once to completion. 

It is possible that the 130-feet dam could be built in, from two 
and one-half to five years, dependent upon the location and style 
of structure decided upon. 

The advantages to be derived from the increased supply of 
wateir from the Genesee river, not only to the canal system of the 
State, but to a large number of its citizens living in the counties 
of Monroe and Livingston^ are so self-evident as to scarcely require 
argument. The questions to be determined are, therefore: First 
Are these advantages commensurable with the cost of obtaining 
them ? Second. Is it not proper in the present favorable financial 
status of the State treasury, and cramped financial condition of 
many of our laboring and other citizens, for you to authorize at 
this time an expenditure of the funds necessary to realize these 
advantages ? and, Third. If these two questions be answered to 
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the affirmative, what proportion of the cost should be borne by 
tihe State and what by other parties! interested im this 
improvement ? 

At an early period in the history of the canals the Genesee river 
\ was considered an important source of water supply for the canal, 
i both easterly and westerly of Rochester, and the question of 
appropriating this supply was the subject of a document signed 
by Governor DeWitt Clinton, then acting canal commissioner. If 
at that early date the necessity for an increased supply was 
apparent, there is little doubt that such a necessity existe 
to-day. 

That portion of the Erie canal now fed almost entirely by the 
waters of Lake Erie, extends sixty miles eastward from the 
terminus of the Genesee river feeder, and it can scarcely be 
doubted that such decreased velocity of water in the canal prism 
I between Buffalo and Rochester, a distance of ninety miles, as 
would be obtained by an abundant well-regulated supply from the 
Genesee river would be of vast benefit to canal navigators. 

While it may be possible that no actual necessity tias, as yet, 
arisen for this increased supply, the advantages of the decreased 
velocity thus obtained and the increased facilities for feeding 
the carnal in the spring, and the refilling of it after a break, the 
maintaining, during a break, of navigation on a long portion, of 
the canal, which has now to be entirely abandoned until the 
close of the break, are so great as to render it probable that true 
economy would dictate the immediate prosecution of the work. 
Added to this are certain equitable considerations which, should 
be given their proper weight. It can scarcely be disputed that 
the State has appropriated such, of the waters of the Genesee 
river as are necessary to the proper interests of the canal. In 
this condition of affairs, the first title to the water vesting itself 
in the State, it can hardly be expected that any corporation can 
be formed for the development of this power unless the interests 
of the State can be extinguished. I do not think that proper 
public policy would allow the yielding by the State of this or 
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any other of the important water privileges it now owns; yet, 
upon the other hand, I do^ibt the wisdom of a policy, by tfoe State, 
which, while refusing to surrender its rights would also refuse 
not only to develop them Stself , but to allow any one else to 
develop this great source of wealth. 

-I have been advised by responsible citizens of Rochester, that 
if the rigihts of the State in the premises .could be wiped out, 
there would be little difficulty in organizing a private corpora- 
tion to press this work forward to a successful completion. 
Another element in the consideration of this question is the 
fact that the State has heretofore acknowledged, by its action in 
building reservoirs on the Black river, the equitable obligation 
resting upon it to make restoration " in kind," of waters diverted 
from private owners for public use. 

Still another consideration entitled to weight in deciding 
a question of such far-reaching and vast importance as this, is 
the agitation now before the! public looking toward the secur- 
ing of means for electrical propulsion of canal boats. While an 
investigation and study of this question has not rendered it by 
any^ means certain that this method of propulsion will become 
shortly one of fact and not of expectation merely, I think it may 
be fairly stated that there is a reasonable hope of the economic 
adoption of this system on our canals, and if these hopes can be 
realized, the power generated here by water passing from tihis 
reservoir through a number of turbine wheels, suited to tlhe vairy- 
ings heads under which they would act, would supply a farce 
which would largely aid us in solving the question of cheap 
canal boat propulsion, and this would be true whether the suc- 
cess of tfhe electrical system should be obtained by means, of 
trolley wires or storage battery. If it came in the latter direction 
double advantage would be derived, the daily flowl of the stream 
being devoted to manufacturing purposes, and night flow to the 
storage of the electrical fluid for canal purposes. 

In concluding my report upon this subject I desire to give 
expression to my realization of the valuable assistance I ihave 
received in these invesitigatt^ns by the very comprehensive and 
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able report made to you by Mr. Bogart in 1891; tlie valuable 
analysis of this report and the recommendations made by the 
commission of 1893; the in/tlelligent and well-directed efforts of 
Mr. Geo. W. Eafter, the engineer assigned to the charge of the 
work done during the past summer, to the sound ajdvice given 
and suggestions made by Hon. Elnathan Sweerti, whom I have 
freely consulted in this matter, and to the assistance given me 
by Mr. Chapman L. Johnson, Deputy State Engineer and Sur- 
veyor, ttlo whom I have confided the charge of the detailed work 
connected therewith. , 



REPORT OF E. SWEET. 



Albany, N. Y., December^ 1893. 
Hon. Martin Schtcnok, State Engineer and Surveyor : 

Sir. — Having at your request twice TMted the gorge of the 
Genesee river above Mt. Morris and inspected the various sites 
suitable for the erection of a dam to impound the freshet water 
of that river, and given some attention to the collection of engi- 
neering data, relative to a proper selection of site and a deter- 
mination of the probable cost of accomplishing a comprehensive 
plan for storage of these waters, I beg leave to offer such sug- 
gestions as the hastily collected results of the very thorough sur- 
veys, borings and explorations which you have just finished there 
present to my mind. 

The preliminary surveys and studies of this subject made by 
your predecessor in office give a very clear and comprehensive 
idea of the general scope and limitations of the project of regu- 
lating the flow of this stream. 

These studies and surveys as outlined in the appendices to his 
report to the Legislature in 1890 show the storage capacity to 
be created in this gorge by the erection of dams of varying 
heights, and the probable increase in outflow they would sever- 
ally be expected to produce from rainfall and run-off tables pre- 
pared from statistics gathered in the Genesee watershed. 

This report also treats exhaustively the question of the pre- 
sent wants of the canal, and shows clearly the need of 
1,500,000,000 cubic feet of water to be stored on this stream to 
properly and safely operate the canal in its present state, which, 
of course, fixes the lowest limit of storage which the State's 
interest requires and the future wants of the canal, as well as 
the vast interests of the large population affected by the regula- 
tion, of this stream, make a much larger volume of storage 
desirable. 
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These preliminary surveys give the capacity of the storage basin 
to a height of 130 feet above the stream bed at the two proposed 
sites for dams near Mount Morris, and I think you have wisely 
made your detailed surveys and exploration of sites broad enough 
to cover accurate data for estimating the difficulties and the 
cosfc of constructing dams to store water to that or any lower 
height and confined them to the two firat sites described by Mr. 
Bogart and the one immediately above his second location at the 
soarp bend, known as the "Hogback." 

fThe fifty-eight foot reservoir affords very slight relief to the 
stream flow, as it must be held full for canal contingencies, while 
the 130-feet reservoir increasesi many times the natural flow of the 
stream and gives nearly seventy-five per cent of the beneficial 
effects of a completely developed regulation of its flow, which 
latter is not reasonably practical. 

Estimates have been prepared for erecting dams at each of 
these sites on the following bases: First, the cost of a dam fifty- 
eight feet high, with proper regulating apparatus for permanently 
holding water to that elevation only; second, the cost of a fifty- 
eight feet dam, so founded and built as to be capable of being 
raised to store water to a depth of 130 feet; third, the cost of sub- 
sequently raising the dam from the fifty-eight feet level to that 
of 130 feet, and, fourth, the cost of building at once a dam 130 
feet high. 

A careful consideration of the quantities and value of the 
various items of work involved in the utilization of these various 
sites leads me to believe that a reservoir with suitable fifty- 
eight feet dam, can be built on the first basis of estimation above 
described, at location No. 1, for $1,200,000; at location No. 2, for 
$1,300,000; at the "Hogback," for $850,000. On the second basis 
of estimation, fifty-eight feet reservoir, at location No. 1, 
$2,250,000; at location No. 2, $2,000,000; at "Hogback," 
$1,400,000. To raise the latter to 130 feet will cost, at location 
No. 1, $1,000,000; at location No. 2, $1,400,000; at "Hogback," 
$1 ,100,000. To build ait once a dam 130 feet high, will cost, at loca- 
tion No. 1, $3,150,000; at location No. 2, $3,350,000; at "Hogback," 
$2,100,000. 
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Of the three sites, location No. 1 gives nearly ten per cent tike 
greater storage capacity, at pbout ten per cent less cost than 
location No. 2. 

The advantage of site No. 2 is, that it affords an opportunity,, 
and the estfaate provide®, far a spillway out through thJe jock, 
independent from the dam itself, but I do not consider this a 
sufficient ground for disregarding the greater storage and greater ; 
economy afforded by site No. 1. 

I am favorably impressed by the conditions developed by tie 
surveys and borings at the " Hogback " location. This anomalas 
topographic feature, consisting of a rock ledge, extending near'f 
2,000 feet at right angles to the axis of the stream, lends itself 
admirably to the location of a spillway and regulating worlo, 
while the gorge opposite its extremity is very little wider than £ 
site No. 2. . 

The estimates presented for this location assume a dam buil 
of earth, with a masonry core. 

This is a very high embankment, but it must be remembereji 
thaf its location is peculiarly fortunate for such a construction, 
as the long sharp bend in which it will stand protects it frofc 
the waves, while the artificial spillway diverts tlhe channel bj& 
the current a thousand feet from its extranity. 

It is a fan* less bold construction than the earthen part of tie 
new Oroton dam now building by the city of New York. 

For the fifty-eight feet resepvodr its superiority is undoubtdJ, 
and I believe it wealthy of very mature consideration tor tte 
higher elevation. 

Among the considerations affecting the proper attitude of tie 
State towards this project, the equitable rightis'of the riparijn 
owners on the stream seem to my mind of greaJt importance. 

The Genesee is a stream chiaraJeterized by steep slopes fnpa 
which the rainfall rapidly runs off, and though it has a 
watershed the water runs off in freshets, leaving a small 
unreliable summer flow. 

It thus follows that, though the river falls more thjanj 
f eefe in the large maaiu&jcturing city of Rochester, its intermi^ 
flow renders the waiter power comparatively useless. 
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The only remedy for this is the regulation of the flow by storage, 
amid, as the State long ago appropriated the waters of Hie Genesee, 
private enterprise is unable to protect these great interests because 
it* equitable rights cure in the grasp of the sovereign. 

The Legislature has, however, recognized riparian equities in 
the case of the Black river, by creating reservoirs on the Moose 
and Beaver rivers, from which the canal could by no possibility 
receive water, for the express purpose of indemnifying the mOl 
owners on the Black river for water diverted from that source 
to the canals. 

There seems a still stronger reason why it should favor storage 
in the Genesee valley, a large part of wihicih is now needed and 
much more likely to be required in the future for its own purposes. 

Very respectfully, 

(Signed.) E. SWfiET. 



Report of Geo, W. Rafter, Engineer in Charge. 



Albany, N. Y., December 15, 1893. 
Hon. Mabtin Schbnck, State Engineer and Surveyor : 

Sir. — I herewith, present the following preliminary report in 
relation to the Genesee river storage project, on which, as per 
instructions, I began work July 25, 1893: , 

N The excellent general surveys and studies made under the 
direction of the Hon. John Bogart, by Mesfctra Bailey and Kibfbe, 
and which appear together with the report of Min. Bogart hiim- 
sell on this project iin the anmual report of the Stalte Engineer 
and Surveyor for the fiscal year, ending September 30, 1890, 
have furnished the basis of the present year's work and no 
attempt has been made to go over any portion of the ground 
covered by these engineers. This season's work has been of an 
entirely different naitrure from that axxxwnplMied by these gentle- 
men in 1890. The preliminary studies having demonstrated not 
only the praic^caibility but the desirability of a large storage 
dam on the Genesee itiver in the vicinity of Mount Mornte, the 
problem then presented itself in the following form, namely, 
having given a number of sites where, as indicated by the pre- 
liminary surveys, large storage diams can be constaucted, it is 
reguired to determine art which point the largest amount of 
storage can be obtained at the least expense, the form of con- 
struction to be such as will give, so far as engineering skill can 
foraee, an absolutely safe dam. 

The amount of storage obtainable for various heights of diaim is 
exhibited in the report of Mr. Bailey, as already referred to in 
the annual report for 1890, and the maltten to accordingly further 
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narrowed to a detailed examination of the available sites, witth a 
view of determining (1) the most desirable site; (2) the form of 
dam which will best fit the existing conditions; and (3) the cost 
of a dam, combining a maximum of efficiency and safety with, so 
far as possible, a minimnfm, of expense. 

The main questions needing further consideration in connection 
with the Genesee river storage project having been thus saliently 
defined in the foregoing, we may, in order to get our informa- 
tion aU together, properly review briefly the main points of the 
preceding reports. 

(1.) In appendix F to the annual report for 1890, Mr. Bogart 
presents, in response to a resolution of Hie Senate of Majrch 21, 
1889, a statement of (a) why the interests of the State would be 
subserved by the construction of a stowage reservoir on the 
Genesee river; and (b) an estimate of the amount of storage 
required for immedliaite canal purposes. 

(2.) Following Mr. Bogairt's report appears the report of Mr. 
Bailey, giving the contents in cubic feet and the area in aicres of 
a pond formed by dams, at each of four feasible locations!, for 
every ten feet increase in depth up to 130 feet. 

(3.) Also following Mr. Bogart's report appeams the report of 
Mr. Kibbe, which includes (a) a sihortt history of the Genesee 
river feeder at Rochester, and the relation of the present avail- . 
able water supply from the Genesee river to the proper mainten- 
ance of navigation in the Erie canal; and (b) a brief considera- 
tion of the hydrologic questions involved. 

(4.) Under a concurrent resolution of the Legislature of 1892 a 
commission, consisting of Evan Thomas, Esq., president of the 
New York Produce Exchange, Hon. John Bogart, and Judge 
Charles McLouth, of Palmyra, was appointed "to inquire, con- 
sider and report what measures may be expedient for the State to 
adopt for carrying into effect the suggestions and conclusions 
contained in the special report of the State Engineer and Surveyor 
on the supply of water from the Genesee river to the Erie canal." 
This commission inspected the Genesee gorge, and gave a number 
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of hearings, at which, ^were present gentlemen representing the 
various interesfte involved, and after due consideration of the main 
and cognate questions, reported: 

(a), That the project of building a large storage dam on the 
Genesee river is entirely feasible. 

(b) That the control of the waters of the Genesee river resides 
wholly in the sovereign power of the State, and that hence the 
State has the right to draw therefrom at its discretion and when- 
ever it chooses any such amount as it may deem necessary for 
public purposes. 

(c) That it is not only practical to determine the maximum 
quantity which the State may require from the Genesee river for 
the use of the Erie canal, but that this has been to great extent 
done in the annual report of the State Engineer and Surveyor for 
1890. 

(d) That it witf he largely to vhe interest of the State to pro- 
vide storage on the Genesee river to. the amount of 1,500,000,000 
cubic feet for canal purposes. 

(e) That such storage be provided at Dam Site No. 1, a distance 
of one and twenty-two one-hundredths miles above Mount Morris. 

(f) That the water now taken from the Genesee river for canal 
purpoisies is of great value to the State and its loss would be a 
corresponding deprivation. 

As the result of the examination the commission recommended: 

(a) That a dam fifty-eight feet in height be erected on the 
Genesee river at Dam Site No. 1. 

(b) That the same be builit of sufficient strength in base, sidings, 
section and vertical rise to allow it to be extended to 100 feet in 
height. 

(c) That it be built with proper gatesi, and apparatus for draw- 
ing off the water from the pond created above it, to any desired 
water line, and that in seasons when navigation is not in progress 
this be for the use and benefit of citizens owning or opera/ting 
plants by means of hydraulic power between said dam and Lake 
Ontario — along the line of the river — and so as to afford for 
such uses a continuous and regular flow ; and that it be at all 



19 

times under the charge and control of the proper officers of the 
State; thart;, under such charge, during the season of navigation, 
like opportunities as may not interfere with the supply demanded 
by the State may also be afforded said citizens. 

(d) That the said citizens may extend the dam to the height 
of 100 feet, with proper gates and apparatus for drawing down the 
water line of the pond formed by the said dam to said fifty-eight 
feet^ and shall have the execlusdve privilege to do so at all times. 

(e) That siaid verticil rise above the fifty-eight-foot line be 
constructed with the approval and subject to plans of the proper 
officers of the State. 

(f) That the State be released amd indemnified from expense or 
damage on account of such building above the crest of said fifty- 
eight-foot dam. 

The commissaon concludes its report with a short discussion of 
the relations of the State to the owners of hydraulic powers on 
streams which have been declared public highways. 

Having thus briefly defined the present status of the Genesee 
river storage project wte may now proceed to the special work in 
hand. 

The general examinations made in 1890 indicated five avail- 
able dam sites where large storage can be obtained in the Genesee 
gorge between Mount Morris and the lower falls of Portage. 
Pour of these have been designated in the 1890 report as Dam 
Sites Nos. 1 2, 3 and 4. The consensus of opinion of all who have 
studied the Genesee gorge is that Dam Sites Jfos. 3 and 4 are 
far less desirable than the lower sites by reason of a greatly 
decreased storage for a given height of dam. All the engineers 
who have thus far examined the project are agreed on this point. 
They are also agreed, it is believed, that a given expenditure will 
yield better results in storage obtained by building a high dam 
at some one of the lower sites than can be obtained by one, two 
or three small dams higher up. 

In this report the same designations will be given to the dam 
sites as are used in the 1890 Annual, and for the locations of the 
several sites from 1 to 4 inclusive, reference may be made to Mr. 
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Bailey's map accompanying hie report therein contained. The 
discussion, however, is entirely confined to Dam Sites Nos. 1 and 2 
and the Hogback location, which latter has not been discussed 
in the previous reports. 

As preliminary to a thorough study of 'the problem in hand a 
detailed topographical map of the territory in the vicinity of the 
several sites to be compared was imperatively necessary. The 
making of such a map of the gorge was a matter of severe labor, 
involving as it did the taking of 120 crossHsections. Many of 
these are of banks over 300 feet in height and inaccessible except 
by the use of mechanical means of suspension. Eleven of these 
extend entirely across from top of high bank to top 
of high bank, a distance of about twelve to fifteen 
hundred feet , The detailed map, however, while costing 
something has fully repaid the expenditure, in that, by 
having it better locations have been made at the several sites 
than were possible before such a map was at hand. For instance, 
at Dam Site No. 1, the general location selected in 1890 shows a 
bottom length of dam of about 650 feet and a length, at the flow 
line of a 130-foot dam, of 914 feet. The new location made after 
detailed surveys this year shows a bottom length of 500 feet, and 
a length at the flow line of 790 feet, the top lengths being meas- 
ured from natural surface to natural surface in each case. At 
the price of rubble masonry nsed in the estimates a single linear 
foot of structure at this site will cost nearly $2,000. Whence it 
follows that, other conditions remaining the same, the value of 
the surveys at this site alone is in the vicinity of $300,000. 

At Dam Site No. 2, the bottom length of the new location is 
about the same as the old; but the top length of the new location 
is 880 feet at the 130-foot line, as against 972 feet in the old. The 
greatest gain at Site No. 2 has been in demonstrating by the 
detailed surveys that for a 130-foot dam an independent spillway 
can be constructed at that location without very materially 
increasing the cost over what it would be for a dam arranged with 
reference to spillway over the front, as is required at Site No. 1. 
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The advantages of an independent spillway are so obvious as to 
hardly require mentioning, although briefly discussed further on. 

The detailed surveys, however, have not been extended to cover 
the land lines of the submerged area, it being concluded, after dis- 
cussion of the question with yourself, that the large expenditure 
required to fully work up the land lines was unnecessary until 
after the work was actually begun. In any case two or three 
years will elapse after beginning Construction before any area will 
be actually flooded, and ample time will therefore be afforded for 
the completion of the land surveys. As regards land immediately 
in the vicinity of the structure, and which will be required at 
once for the location of the various works, it is considered that no 
difficulty will be experienced in making the necessary 
arrangements. 

Another reason for not making the land surveys a part of this 
year's work was the smallness of the appropriation — there was 
hardly money enough available to carry on the land surveys, and 
at the same time complete the thorough examination of the 
foundations which has been deemed essential in order to preipare 
reliable estimates of cost 

It may be remarked in passing that much benefit has been 
derived in the course of the examinations from conversations with 
th.3 consulting engineer, Hon. E. Sweet This gentleman visited 
Mount Morris on Tuesday, October 10, 1893, and spent the time 
from 11 a. m. to 4 p. m. in viewing the Hogback location, and the 
tests then in progress at Site No. 2. On November twenty-fourth, 
Mr. Sweet again visited Mount Morris and looked over Site No. 1, 
where soundings and borings were at that time in progress. In 
the afternoon of the same day he examined the cores from a 
number of bore holes, as preserved in boxes for future reference. 

In any structure of the magnitude of the proposed Genesee river 
storage dam, the adequacy of the foundation is of first importance. 
An error of judgment as to its sufficiency could easily lead to 
either largely increased expenditure in the work of construction 
or even to an entire failure of the project. In order to avoid either 
contingency such examinations must be made as will exhibit the 
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character of the underlying strata in all its deitails. In the 
present case a compact shale, known in the nomenclature of the 
State Geological Survey as the Genesee shale, exists ten to fifteen 
feet below the bed of the river at the several sites examined and 
from twenty to twenty -five feet below the surface of the adjacent 
fiats. The general character of this shale has been referred to in 
the preceding reports and no further notice is required here, and 
we may proceed, therefore to an account of the detailed tests 
which have actually been made. 

By reason of considerable previous experience in borings, the 
present writer was of the opinion that more definite information 
could be obtained by diamond drilling than by any other means. 
This view having met with your approval, drillmen were corres- 
ponded with, and after satisfactory arrangements were perfected 
an outfit got to work on September eighteenth. At the same 
time the work of determining the top of the rock by soundings 
and test pits at a large number of points was actively prosecuted. 
From September eighteenth to September thirtieth the diamond 
drill was operated ten hours per day, but from October first to 
November twenty-eighth, when the work was finally completed, 
the drill was operated twenty hours each day. The following is 
the detail of the drill work actually accomplished: 

At Dam Site No. 2, from September eighteenth to October 
twenty-first, thirteen holes were drilled, making a total length of 
727.7 feet, and an average length of fifty-six feet 

From October twenty-three to November tenth, nine holes were 
drilled at the Hogback location, making a total length of 563.9 
feed, and an average of 62.7 feet. 

From November twelve to twenty-eight, seven holes were drilled 
at Dam Site No. 1 making a total length at that site of 388.1 
feet and an average length of 55.4 feet 

The total number of holes drilled at all the sites was therefore 
twenty-nine, making a grand total length of 1,679.7 feet 

The top of rock was determined by soundings at seventy-eight 
points at the three locations studied, the total depth of sound- 
ing being 1,256 feet and the average dfepth 16.1 feet 
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In addition to the borings and soundings 100 test pits were 
sunk to a total depth of 1,217 feet, the average depth being 12.2 
feet. t A number of the test pits were about thirty feet deep. 

The cores taken out by the diamond drill give a satisfactory 
exhibit of the underlying stra/ta and taken in conjunction with 
the water pressure test, which were applied to nearly all the 
drill-holes^ indicate with clearness the kind and quantity of treat- 
ment necessary to make a safe and stable foundation on these 
shales. 

The water pressure tests may be properly referred to a little 
in detail. 

Obviously it is transcendently important to secure an abso- 
lutely water-tight foundation for a high dam. In order ttf accom- 
plish this it is necessary that the underlying strata be either 
naturally, impervious or that they may be made so by some arti- 
ficial treatment When not impervious the necessary special 
treatment may be an important item of the total expense. The 
securing of definite information as to the perviousness or imper- 
viousness of the strata became, therefore, an important and indeed 
indispensable part of the preliminary study. To gain this 
information seed bags set to different depths in the drillholes 
were first tried. By means of suitable pipe and flexible hose 
connections, water under from 100 to 200 pounds pressure per 
square inch was forced down through the blag and the effect 
observed. The length of time required for the bag to swell, how- 
ever, made this method rather cumbersome, and an improvement 
in method was effected by the use of a rubber packer so arranged 
that it could be packed tight, instantly, by mechanical arrange- 
ments. With such a packer and the flexible connections it was 
veiy easy to first set the packer at or near the bottom of each 
drill- hole and, applying the pressure from the pump, examine the 
hole in detail from bottom to top. A pressure jgauge indicated 
at once any loss of water through seams and crevices* the amount 
of the loss being, of course, proportional to the decrease in pres- 
sure. In some cases where considerable loss occurred the pu/t- 
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ting In the hole of a few quarts of wheat bran was sufficient to 
make everything tight. 

After going over the drill-holes in detail with this test, if any 
considerable leaks were found, the pump was then ran for several 
hours and the effect observed. In order to find out where the 
water went to several pounds of penrniafngjamaifae off potash, an 
intense coloring material, were added in a number of cases. This test 
was, hbrwevetr, entirely without result, other than that the color- 
ing matter forced down into one drill hole appeared and as pres- 
sure was applied, ram out at another dirdll hole 100 feet distant 
Asides from some indicatkxnis of this duaracter absolutely no traces 
of the coloring matter could be obtained. Im a number of caaes 
the effect of pumping for several hours was to gradually increase 
the back pressure against the pump. In such cases after the 
pump was disconnected, waiter ran out of the drill bole for from 
one-half an hour to two hours, a result clearly incHoating the 
presence iof vertical seams at these points. As to whether these 
vertical seams are likely to prove troublesome,, it may be said 
that none of any considerable size have been discovered and in 
view of the moderate silt-bearing character of the stream when 
in flood flow it seems probaible that such small ones as exist will 
soon edit up and become epitikely watetr tight This process may 
be made a gradual and .perfefctly safe one by allowing the water 
to rise for short periods of flood flow a few times each year 
during the (instruction. By inteilliigent management on these 
lines the whole reservoir may be made practically impervious 
by the time it is ready for permanent use. 

Proceeding on these lines systematic tests of all but one or two 
of the drill holes were made and the results recorded. 
Some of the details will be presented in the final report, 
but for present purposes it is sufficient to say 
that the net results of the soundings, borings, test 1 pits 
and water pressure teste indicate that as a whole a 
hi^h dam can be built at either of the three locations examined 
without any serious difficulty — the obstacles to be overcome 
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are sack as may be expected to yield! easily -to ordinary engineer- 
ing expedients. As a whole the quality of ttue rock in the 
foundations at Dam Sites Nos. 1 and 2, is somuefwhat better than 
ait the Hogback, whSle No. 1 may be consffidetred (slightly better 
than No 2. At all of the locations it appears desirable to extend 
a concrete trench, about thirty feet in the rook and probably it 
will be well to drill a number of holes in the bottom of the 
trench excavated for this purpose into which grout will be 
pumped under pressure. A similar treatment may also be 
required under a portion of the main foundation as well as at the 
ends. It is considered that the item " grouting in foundations," 
in estimates is ample for this work. 

The foregoing discussion of the examinations for foundation 
indicates that the work has been carried on with reference to a 
masonry oonsitruction. In my judgment no other form of com- 
grtruotion should be seriously contemplated, alrthJoiugfh it is recog- 
nized that an inclined plane o f wrought iron or steel plates 
with tanestle supports is entirely feasible. Such a construction, 
while probably a small per cent less expensive than masoniry, 
must be considered as lacking somewhat the permanency of well 
executed stone work. It is possible, moreover, that ap iron 
spillway might be designed for Dam Site No. 1 of somewhat 
less expense than the granite masonry constraction on which 
the estimates have been based, although it is exceedingly doubt- 
ful if any iron construction could be made entirely permanent 
for such purpose. For these reasons it has been deemed prefer- 
able to base all estimates of cost on masonry conisitruction. 

In considering the various forms of dams applicable to the 
several cases under consideration we are confronted with the 
fact that the flood flows of the Genesee river are very large, and 
that therefore exceedingly liberal spillway arrangements must 
be provided. The spillway, moreover, is an important element of 
toial cost, and it is accordingly important that no greater length 
of spillway be provided than absolutely necessary. The only 
direct observation bearing on the case is that cited by Mr. Kibbe 
in his report in the 1890 annual, where is given an actual observa- 
4 
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tion on September 11, 1890, of a mean depth on the crest of the 
oicl Mount Morris dam of 6.8 feet. The crest on which this obser- 
vation was taken is 337 feet in length. The citizens of Mount 
Morris state that the water frequently stands at an elevation of 
eight feet on the crest of this dam when the river is in flood flow. 
The depth of eight feet, however, is more than should be admitted 
on the crests of high dams and for the present the estimates have 
been based on a total length of spillway of 400 feet. In the final 
report an attempt will be made to deduce the proper length of spill- 
way from a consideration of the rainfall in comparison with 
stream flow, though the data bearing on this part of the subject is 
unnecessarily scanty. In 1890 Mr. Kibbe established a gajge at 
the old Mount Morris dlam, and daily abteiervMaons of tijue florw of 
the stream were t^Lken during the few months covered by his 
studies. It is exceedingly unfortunate that this series of observa- 
tions wtas not continued without iintjemiisfeiicwi unitil the present 
time, as, had this been done, we would now be, without doubt, in 
possession of such data as would permit this part of the problem 
to be solved on its merits. A gage was again established under 
my direction in August of this year, but since that time the pre- 
cipitation has been so small that no flood flows have occurred, the 
highest being 3.39 feet, on August twenty-ninth. This year's obser- 
vations are, however, valuable as illustrating how small the flow of 
the stream may at times be for several months. Arrangements 
have been made for continuing these gagings during the coming 
winter and spring, and it is hoped that the spring freshets will fur- 
nish some more definite information on this exceedingly important 
part of our subject than, any yet at hand. 

As bearing on the economical construction of the work, the 
proper location of the necessary transportation line is a matter of 
(xmBdtferatole importance. The oommiBBion of 1892 has based fits 
reooanmendation of location at Bite No. 1 largely on thje aesunued 
fact that a line of railway only 1.2 miles in length can be con- 
structed up the line of the gorge near the water's edge and con- 
necting with the Western New York and Pennsylvania railway 
just below the river bridge. An examination of the project in 
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detail indicates, however, that such, a line would be undesirable for 
the following reasons: 

(1) The line, if actually laid on the flats near the water's edge, 
would require two crossings of the river in order to reach Dam 
Site No. 1, or four crossings to reach Dam Site No. 2, all of which, 
with a portion of the embankment would be swept away with the 
spving floods. 

(2) If buUt in etide-hill wotrk, tihereby avoiding thie (river cross- 
ings, the expense of grading alone would reach about $ 20,000 for 
a line to Dam Site No. 1, or about $ 35,000 to $40,000 for a line to 
Dam Site No. 2. 

(3) A large amount of space is required at the dam terminal 
for the proper handling of the material. During the working 
season about fifty cars per day would be required. The sidings 
for these together with the necessary sheds, hoisting and mixing 
machinery, etc., would require far more space than exists on the 
flats. 

(4) The location of the railway in thJe gorge would necessitate tihe 
location therein of the sheds, hoisting and mixing machinery, 
etc., and their consequent exposure to disaster with each year's 
flood. 

' (5) Such a location also involves the liiffcLng of all the material 
above the foundation, with the resulting addition to the expense 
of from, five to ten cents per yard over what it will be if the 
material can all be taiken from the cars to the work by gravity. 
(6) The total cost of the work can be decreased somewhat by 
so locating the transportation as to deliver all material on the 
top of the high bank where it can all be conveyed) from the cans 
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to the work by gravity purely. 

The amount of material to be transported for a 130-foot masonry 
dam is roundly 700,000 net tons. The bulk of this is stone which, 
with the exception of the small amount of granite required, will 
all naturally come from some point on the line of the Western 
New York and Pennsylvania railway to the south of Mount Mor- 
ris. The proper location of the transportation line is therefore 
from some point on the Western New York and Pennsylvania 
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railway, south, of Mount Morris, to a point on top of high, bank 
just above the selected location for dam. A line of this char- 
acter has been located from a point on the railway about one 
and one-half miles above Tuscarora station to the top of high, 
bank at Dam Site No. 2, a distance of seven and one-half miles 
Should Site No. 1 be selected, this line can be readily extended 
a distance of 4J00 feet along the top of the high bank to that site. 
Lack of time has prevented the preparation of any detailed 
estimates of cost of transportation lines in time for this report, 
and complete consideration of this part of the subject is neces- 
sarily delayed until some later report. For present purposes I 
have assumed cost of transportation line on the route indicated 
to Dam Site No. 2 as $45,000. For Site No. 1, we may assume 
for comparison, the construction of a line on the west side of 
the river from some point on the Delaware, Lackawanna and 
Western railway, about two miles west of the Western New York 
and Pennsylvania junction to a point on the west high bank at 
Dam Site No. 1, the cost of which has been taken at $25,000. If 
extended along the top of the high bank to Dam Site No. 2, such 
a line would cost about $30,000. It is believed, however, that in 
case Dam Site No. 1 is selected, the longer line will prove the 
cheaper when all the elements of transportation are taken into 
account, for the reason that an approach to this site from the 
west side of the river involves transportation over two inde- 
pendent lines of railway before the branch line is reached, with 
a total additional distance to the branch line of fourteen milea 
My reasons for stating that the longer line will probably in any 
case prove the cheaper, appear in detail in the comparisons fol- 
lowing. In any case it wjfll be noticed that the foregoing state- 
ment is based upon the assumption of bringing all the material, 
except granite, from some point to the south of Mount Morris. 
On this point it may be stated that the fine sandstones of northern 
Pennsylvania offer an opportunity to obtain a durable, easily- 
worked stone at moderate cost. At many places in the northern 
part of that State these sandstones exist on the surface of the 
ground in vast quantities in the form of boulders, frequently of 
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many hundred cubic yards content. On the line of the Western 
New York and Pennsylvania railway, near Oil City, in particular, 
such atone are foond in sufficient quantity for our purpose directly 
on the line of the railway, and reliable parties signify their willing- 
ness to load them on cars at about two dollars and fifty cents to 
two dollars and seventy-five cents per cubic yard. The railway 
kas made a rate to either Tuscarora or Mount Moms of eighty 
cents per net ton. Transportation over the branch line from 
above Tuscarora, a distance of either seven and one-half or about 
eight &nd one-haJf miles, depending on which site is selected, will 
not exceed, aside from first cost of line and maintenance, about 
five cents per net ton. We have, then, as the net cost per cubic 
yard of these stone on cars at the work, the following: 

Cost of quarrying and loading on cars, say $2 75 

Transportation over Western New York and Pennsyl- 

YamM, two net torn, at 80 cents . 1 60 

Transportation over branch line, two net tons, at 5 cents, 10 

; 

Oost on cars at dam $ 4 45 



These stone will be used for the face of the dam, gate-house, 
protection and retaining walls, except in the case of Dam Site 
No. 1, where granite has been provided for the face work of the 
spillway. 

The backing will be obtained either from Portage or Nunda, 
where stone of good quality for this purpose are found in quantity. 
On these stone the Western New York and Pennsylvania railway 
offers the following rates: 

Portage to Tuscarora, thirty-five cents per net ton. 

Nunda to Tuscarora, thirty cents per net ton. 

Portage to Delaware, Lackawanna and Western junction, forty 
cents per net ton. 

Nunda to Delaware, Lackawanna and Western junction, thirty- 
five cents per net ton. 

Stotne of the proper size for backing can be quarried and put on 
cars at either Portage or Nunda at from one dollar to one dollar 
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and ftftft" oeratis per cuibfflc yaafcL We have then for thie cosib per 
cubic yard of these stone on cars at the work, the branch line 
from above Tuscarora being assumed, the following: 

Cost of quarrying at Portage and putting on cars . . fl 50 

Transportation over Western New York and Pennsyl- 
vania, two net tons, at 35 cents 70 

Transportation over branch line, two net tons, at 5 cents* 10 



$2 30 



From Nunda the same stone will cost two dollars and twenty- 
five cents per cubic yard on cars at the work. 

We may mow rapidly compare the proposed branch transporta- 
tion lines, taking into account the transportation of all the stone 
required for a 130-foot dam at Dam Site No. 2, except the granite, 
of which only a small amount will be used at this site. 

(1.) The branch line from above Tuscarora to top of high batoik 
at Dam Site No. 2: * 

Eighty thousand cubic yards of Pennsylvania sand- 
stone, Western New York and Pennsylvania railway 
charge, aife $1.60 per cubic yard $ 128,000 

Cost of transportating same over braCnch line, at 10 
cents per cubic yard 8,000 

Two hundred and forty-seven thousand cubic yards Port- 
age stone, over Western New York and Pennsylvania 
railway, at 70 cents per cubic yard 172,900 

Cost of transporting same over branch line, 10 cents 
per cubic yard 24,700 

Original cost of branch line 45,000 

Llost of maintenance for six years 9,000 

Amount $387,600 



(2.) The branch line, from point on the Delaware, Lackawanna 
and Western railway, to top of high bamk at Dam Site No. 2: 
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Eighty thousand cubic yards Pennsylvania sand- 
stone, Western New York and Pennsylvania rail- 
way charge, at f 1.60 f 128,000 

Oost of transporting same, short haul, over Delaware, 
Lackawanna and Western railway, ait 20 cen/ts per 
oubiSc yard 16,000 

Oost of transporting same over branch line, at 10 
cents per cubic yand 8,000 

Two hundred and f barty-seven thousand cubic yards 
Portage atone, Western New York and Pennsyl- 
vania railway charge, at 80 cents per cubic yard. . 197,600 

.Cost of transporting same, snort haul, over Dela- 
ware;, Lackawanna and Western, ait 20 cents per 
cubic yard 49,400 

Cost of transporting same over branch line, at 10 

per cubic yard 24,700 

Original cost of branch line 30,000 

Cost of maintenance for six years 5,000 

• — _— ^^-— — — — 

Amount $458,700 



It, (thjepefore, appears that there will result an economy of 
(1458,700 — f387,600) = f 71,100 by the construction of the 
longer line. 

(3.) ^otr the case of a line dilrectly up the gorge from a point 
on the Western New York and Pennsylviainia railway near the 
Genesee river bridge the discussion may take the following form: 
As in the cases already discussed it will be assumed that the 
material be delivered at Dam Site No. 2: 
Eighty tihousand cubic yards of Pennsylvania- sand- 
stone, Western New York and Pennsylvania rail- 
way charge, at $1.60 per cubic yard $128,000 

Cost of transporting same over branch Mne 8,000 

Two hundred and forfty-seven thousand cubic yardis 
Pontage stone, Western New York and 1 Pennsyl- 
sylvania railway charge, alt 80 cents per cubic yard, 197,600 
Oost of transporting same over branch line 24,700 
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Qrijgtoai cost of lime taken art $35,000 

Cosit of maintenance for six years 7,500 

Ccxn/tiDigeDJcy on sheds and works located in gorge 15,000 

Average additional cob* pen cubfiio yard of 150,000 
cubic yqids of majsomry, on account of being 
mechanically hoisted into place, at 5 cents per net 
tow — say 10 cents per cubic yard 15,000 



N 



Amount 1430,800 



•In this ease thie resulting economy would be ($430,800 — 
$387,600) = $43,200. If Dam Site No. 1 were to be selected the 
last figxme would be reduced by about $20,000 to $25,000, op the 
resulting econiamy would be appimimiate'ly say ($43,200 — 
$25,000) = $18,200. 

In these compairisons the cost of transportation has been 
taken the game on all the branch lines without reference to 
length. This has tteen considered proper, in view of constant 
employment of only one locomioftiYe and train gang itw either case. 
At any mate the advantage of delivery on top of the bank is so 
great that independent of the clear financial saving the line from 
the Western New York and Pennsylviainia railway above 
Tuscxarama appeals superior to any other that can We located. 
But in making this etotement, it will be understood, as assumed, 
that the material come from Portage, Nunda, Northern *Penn- 
sylvtamia, or some other point to the south of Mount Morris. 

The line in question will have grades of between eighty and 
ninety feet to the line for the first two and a half miles. The 
balance will not at any plaice exceed, except for short stretclhes, 
about fifty feet 

The proposed line from the Delaware, Lackawanna and West- 
ern railway would have about ninety feet to the mile grade for 
three miles. 

The construction of the suggested transportation line will make 
necessary the temporary occupation of a strip of land seven and 
one-half or eight and one-half miles in length, depending on 
the site selected. The most of this is through cultivated farms 
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and provision should be made for a temporary occupation of 
about six or seven yearn 
| The preceding discussion has indicated the probable source of 
i the bulk of the material to be used in the construction of a 
fj masonry dam. In addition to what has already been indicated, 
U it may be stated that there is, at Badge postoffice, about three 
? miles from Dam Site No. 2, a quarry of stone of the same general 
quality as that at Portage and Nunda. As now opened this 
• quarry shows a depth of workable stone of seven to eight feet, 
but whether it has much greater depth is as yet unknown. The 
amount of stone required is so large that any quarry selected 
should have a working depth of art: least from fifteen to twenty 
feet. It was intended to sink a. few diamond drill holes at this 
quarry but the approach of cold weather before the completion 
of the balance of the work prevented carrying this intention] into 
effect This quarry is located 1 about one mile from the proposed 
transportation line from above Tuscarora to top of high bank, 
and at least 100 feet above said line and, if future developments 
indicate that it is available, its utilization is in line with the 
arrangements here suggested. It is also about 150 feet aJbove 
the top of the high bank at Dam Site No. 2, and: the topography 
is such as to admit of the location of a surface gravity line to 
that point. In any case the situation of this quarry is such that 
some expense 1 for pumping or drainage would necessarily be 
incurred in order to keep it clear from water. At both Portage 
and Nunda, however, this difficulty does not exist At both 
plaices quarries may be opened' in the steep side hill fair above 
the railway track, and material loaded on cars by gravity, whereas 
at the Ridge quarry the material would necessarily require hoist- 
ing on to the cars. The rate of transportation given ifc so reason- 
able that it is considered probable, taking everything into account, 
that the material can be obtained more cheaply from either Port 
age or Nunda than from Ridge quarry, even though the haul is 
considerably longer. For the present, however, the actual 
decision is left open until a more complete analysis can be made. " 
Whichever of the local quarries may be finally selected, the stone 
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therefrom should be used for backing only. All face work should 
be either of the Pennsylvania sandstone or some stone of equal 
grade, and has been so provided in the estimates. 

IVxr the forming of the spillway at Dattn Site No. 1, granite 
masonry in large blocks has been estimated. A small amount of 
granite is also included for the more exposed portions of sluice- 
ways, eta 

The estimates have all been made and the discussion thus far 
carried ofn under the assumption that the dam and retaining 
walls, etc., be composed of a good class of well-laid rubble masonry. 
A considerable quantity of concrete has been provided! for, to be 
used for making water-tight work in the foundations and at the 
sides of the gorge, and also ftw; protection of spillway at Daan 
Site No. 2. It has also been suggested that the whole structure 
be constructed of concrete. In view of the possible economy 
resulting from the use of this material on a large scale, an exten- 
sive series of experiments with different available raw materials 
have been carried out. About 180 cubes of one foot have been 
molded, and after these have attained some age they will be 
broken by compression and the results noted. In this way it ils 
hoped that some useful information as to the value of concrette 
from the available local material may be gained. The stones 
used in these experiments are the Genesee shale, and stone from 
Ridge, Nunda and Portage quarries. These have been combined 
in various proportions with Oumming's Buffalo, Newman's Akron, 
Bang's and Gaynor's Fayetteville, Norton's Rosendale, Millem's 
Wayland Portland and Saylor's Portland cements. In each case 
two series of blocks have been made, one of which have been set 
in water while the other have been left to season in air. A record 
of all the attendant conditions has been kept-, and all the details 
will bte given after the compressive tests have been made, in a 
later report. 

Sand of proper quality for the work can be obtained wMhin one- 
half mile of Dam Site No. 1, or within about one mile of Daan Site 
No. 2. i 
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F l roin an engineering point of view the most difficult question 
involved in these designs is the arrangement of the spillway in 
such, manner as to destroy the mechanical energy of a waterfall 
130 feet in height. In the design of a dam for site No. 1, where 
the conditions are such as to necessitate spilling over the front 
of the dam, this is partially accomplished by stepping the masonry 
in the manner shown' on the accompanying section. The quantity 
of water, however, is so great that this will be itself hardly 
sufficient. Further assistance in this direction will be obtained 
by the nse of a wafer cushion, whereby the water surface imme- 
diately below the dam will be permanently raised to sixteen feet 
above the present ordinary water surface of the old Mount Morris 
dam. It is proposed to locate the subsidiary dam, producing this 
effect, just above the Mount Morris bridge, the advantage of thiB 
location being, the creating of an additional water power at 
Mount Morris of sixteen feet over and a,bove the present power, 
or a total head there of thirty-four feet. The water cushion wall 
can be as cheaply constructed there as at any other point. 

The detailed surveys show that for a dam 130 feet in height an 
independent spillway dan be cwnfetewcted at Dam Site No. 2 with 
only moderate increase of expense over that of a dam at Site No. 1. 
The advantages of such a spillway are so great it would appear 
desfflraJble in case it lis concluded to build an aH-m&somiry dam of 
that height to select Site No. 2, even though the selection entailed 
somewhat greater first cost> as well as some reduction of storage 
capacity when compared with Site No. 1. 

In regard to the use of a tunnel for discharging the flood flow 
at either of the proposed sites, it may be stated that such a tunnel 
if placed at a high elevation, would require to be of very large 
section — for instance, with its center of discharge only thirty 
feet below the ordinary water surface of the reservoir, it would 
require, for a discharge of 25,000 cubic feet per second, a diameter 
of forty feet. The velocity of flow in such a tunnel wofuld be 
about twenty linear feet per second, and water flowing art; this 
velocity would be ejected from the mouth of the tunnel iat an 
elevation of 100 feet above the present wiater surface belowi the 
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dam. The erdsiVe action of a cylinder of water forty feet in 
diameter falling 100 feet would be so great as to render artificial 
protection of thie shale bottom imperatively necessary. An effi- 
cient protection of the bottom could probably be made as cheaply 
and efficiently by the water cushion as by any other method. 

Again, in case the tunnel were constructed at such lower level 
as to admit of 130-feet head ta groat rodmobion of diameter would 
of course, result. The veJocrfey of flow through such a law level 
tunnel would, however, be over 100 lineal feet per second as 
against about twenty feet for the assumed high level tunnel. A 
velocity of efflux of over 100 lineal feet per second of a large 
cylinder of wtater would, however, require, in order to counter- 
act its erosive tendency, work of the most expensive character, 
and it is exceedingly doubtful if any gain in economy would result 
from its use. 

Moreover, any possible tunnel, placed beloiw ordinary water 
leivel, would be subject to obstruction from ice, and were this to 
happen the consequent inevitable overflow at the top would be 
the source of the greatest danger to the structure. 

In [regard to aim aH-mtajaotniry diam at Siltei Not 1, it should be 
. remarked that there may always be a possible element of danger 
in any structure, however solidly constructed, over the face of 
which spills a stream of the magnitude of the Genesee when in 
the freshet stage. An examination of the plans of a large number 
of high dams indicates that usually such provision of length of 
spillway kas been made as will give much less maximum, depth 
than would occur on the crest of the dam proposed for Site No. 1. 
In the case of the new Ooton dam at Cornell's the drainage area 
above the dam is 340 square miles; in order to care for the flood 
flows from this area a spillway 1,020 feet in 1 length has been 
provided. The crosshsection of this spillway is quite similar to 
that designed for the proposed masonry dam at Site No. 1. 

The Grotcm engineers do not consider it safe to provide for less 
than 150 cubic feet per second per square male as the possible 
m j aximmm flood flow, and while thSs prorMo© is prolba/biy some- 
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what larger than necessary in the case of the Genesee it is still 
important to note that this extreme provision gives a manci'mium 
depth on the spillway of only 6.6 feet. The ordinary Oroton river 
floods do not much exceed one-half of thitef quantity, and i)ti isv 
improbable that the maximum will occur mo<re than twice in a 
century. In deciding which project to select, difference in cost 
can properly take, therefore, only relative prominence. The abso- 
lute safety and durability of the structures compared should be 
given due consideiration. 

The foregoing illustrations, without exhausting the subject, 
will serve to show the importance of giving the matter of spillway 
the most thorough consideration before beginning any construc- 
tion. They also serve to show the vast economic importance of 
detailed observations as to the flood flow of the stream. 

Reference has been made to the Hogback location, a clear idea 
of which may be obtained from the detailed topographical map 
prepared to accompany this report. This looartfilom combines the 
advantage not only of permitting the construction of a spillway 
entirely independent of the artificial dam, but of constructing the 
necessary regulating works by tunnel through the Hogback also 
independent of the artificial dam. The gap to be closed at this 
location is about 700 feet across the bottom, and it has beem 
considered, in view of the opportunity afforded for independent 
spillway and regulating works, that an earth structure with con- 
crete core would answer every purpose for the main dam. The 
preliminary studies, while not very complete, indicate that there 
would be some economy in such a construction at this location, 
although an all-masonry dam could not be maide here with any 
economy over the other sites. The Hogback location may, there- 
fore, be considered worthy of some further special consideration. 
This location has not been considered in the previous reports for 
the reason that in the absence of detailed surveys the engineers 
have felt some doubt as to the strength of the Hogback itself to 
support the pressure of high heads of water. A study of the cross- 
sections indicates that this particular objection need have no 
special weight. Moreover, the excavation for the independent 
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spillway, when properly located, would furnish a large amount of 
surplus material, which, could be usefully employed in strengthen- 
ing up the weaker sections. With this understanding it may be 
stated that the Hogback is strong enough to support water pres- 
sure up to a height of 130 feet Beyond that height the natural 
dam could hardly be made to answer. 

In order to test the water-holding qualities of the shale material 
composing the Hogback, a horizontal hole ninety -five feet in depth 
was drilled at the foot, and a water pressure test applied. Beyond 
a depth of forty feet a pressure of from 130 to 150 pounds per 
square inch was maintained for an hour. On continuing the 
pumping the pressure gradually dropped in two houre and fifteen 
minutes to forty pounds, thereby indicating the opening up of a 
number of small passages through the shale. The minuteness of 
these passages was demonstrated by forcing in a few quarts of 
wheat bran, when, on resuming pumping, the gage showed 100 
pounds. The conclusion was reached, therefore, the same as at, 
the other locations, that by allowing the reservoir to fill for a few 
times before being actually put in service, at the period of flood 
flow, the minute crevices which gradually opened up under a pres- 
sure of 150 pounds per square inch of clear water, would gradu- 
ally dose up under a pressure not exceeding sixty pounds of water 
carrying more or less silt. 

The question of how to care for the flood flow of the stneaan 
during construction is important, not only from an economic point 
of view, but as bearing on the form of construction to be adopted 
After a study of all the attendant conditions it appears that for 
an all-masonry dam the best plan will be to first build the 
foundation above the present river bottom, and at that leviel 
start a series of arched openings extending far enough across 
the bottom of the valley to certainly afford the space required 
to pass the annual flood flow. These openings will be left open 
during the entire period of construction, the dam being carried 
to its full height above the arches before the openings are closed. 
If considered desirable these openings could be left for a year 
after completing the upper part of the dam, in that way avoid- 
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ing all danger of unduly straining the masonry of tike upper 
portion before the mortar has attained some age. At the proper 
time, and during the low water season, the flow of the stream 
can be diverted through the permanent regulating sluices, and 
these arched openings closed one at a, time by building in with 
rubble masonry. This plan takes care of the flood flow at all 
stages of the work, except while putting in the foundation below 
the river bed. For this portion there is no way except to turn 
the stream to one side of the valley while the qlther side is being 
put in, and so far as neceesary use a flume for conveying the 
small summer flow across tlhe excavation. If serious freshets 
oome during the progress of this work, there is apparently no 
way except to allow the foundation trenhees and works to be 
flooded. While some damage may be done it will be of sucih a 
nature that when low water comes again, as it will, in a few days, 
the damage can be easily repaired. How much, of such, 'inter- 
ruption there will be in the early stages of the work is the 
one unknown factor of the estimates. A knowledge of the regi- 
men of the stream is, however, reassuring, and 1 leads to the con- 
clusion tharts if ordinary prudence is used in the preparation of 
coffer dams and flumes the interruptions from this cause may 
not prove serioiua 

In making the preceding suggestions as to method of caTing 
for flood flow during construction it is recognized that ice may 
at ttaes prove a source of trouble. To guiaird against danger of 
disaster from this cause, it is proposed to leave enough of these 
openings so that with a small head their discharging capacity 
is far in excess of the maximum flood flow. With such provision 
it is improbable to suppose that all would become obstructed at 
any omie time. 

The method of caring for thefloodflow described in : itlxe preceding 
paragraph is not applicable to an eajrth dam at the Hogback loca- 
tion where the regulaltilng tunnels (through the Hogback would be 
njeoessairily utilized for this purpoisie. The possibility of these tram- 
mels becoming at any time clogged with ice and the consequent 
partial or complete destaniction of the partially completed work 
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constitutes a practical objection to this location for which thus 
faff no adequate solution lias been found. 

Ajs to the length of time required to complete the work, it may 
be stated that after reviewing the work actually, accomplisihed 
on a, large number of high dams it is concluded that for an all- 
masonry dam the work will necessarily occupy at least five years. 
The working season will be limited to the seven months from May 
to November, inclusive, in which, there are 180 working days. 
The total amount of masonry, including the concrete at Dam 
Site No. 2 is estimated at 327,000 cubic yards. To complete the 
work in five years will require an average of 65,400 cubic yards 
per year, or an average of 363 cubic yards for every working day. 
The working space is so limited it is doubtful if this average 
could under any cincumstancee be exceeded. In case the work were 
too much interrupted by high water during the first two years, 
the work would probably necessarily extend over six years. 
Is evident, therefore, that arrangements for occupancy of land, 
etc., should be made with reference to the foregoing facts. An 
earth dami at the Hogback location can probably be completed 
in three yearn 

The objection to this reservoir has been raised that the Genesee 
river when in flood flow is a silt -bearing stream and that in con- 
sequence any reservoir constructed thereon will rapidly fill up. 
On this point it may be said that all reservoirs on salt-bearing 
streams do fill up. So far as casual observation goes, it # appeairs 
that the Genesee is not bad in this particular, although some 
deposit, from year to yeair, mjay be reasonably expected. The 
only remedies thus far found efficient are either to construct a 
silt-dam near the head of the reservoir or to leave large scouring 
siufces in the dam to be opened each year during the period of 
flood flow. This lattesr remedy, hoiwever, is otnly effectual in 
scxwtrinig out the deposited silt in the vicinity of the dam itself. 
It is entirely without effect on silt (already deposited in the 
upipeir reaches of the reservoir. In order to be able to use this 
remedy occasionally it may be desirable to leave a niumber of 
the ajnched openings already described as essential for care of 



±1 

flood flow during wnstiwyticwa. These may be closed with, 
timbers at the upper end, and so arranged as to be removalbie 
when required. On the other hand, if, in the oounae of twenity- 
five to fifty years, the reservoir m found to be silting up to any 
considerable amount a cheap form, of silt dam may be con- 
structed at the upper end. Ajs thte fills up in the course of 
30 to 100 years more, it may be built higher. 

In any case enough has been said to show that the silt 
difficulty is not' a seriloui^one on the Genesee river. 

At the present time, in view of the imperative necessity for 
getting out a preliminary report, before the beginning of the 
1894 session of the Legislature, it ha» not seemed desirable to 
further delay the work in order to construct sections and pre- 
pare comparative estimates for a 100-foot dam. B(y reason, 
however, of the strong recommendation by the Commission of 
1892, that a 100-foot dam be (built; it is recognized that the pro- 
ject of a 100-foot dam should receive some consideration in 
the present work, and the necessary estimates and comparisons 
will accordingly be presented in the final report In the mean- 
time it may be stated that the studies thus far made indicate: 
(1) Tttiat by treason of the neeesisity for using a water-cushion 
at erijther sites Nos. 1 or 2, which will cost the same in either 
case; and (2) the assumed necessity for an independent spillway, 
if it can be posisibly obtained; and (3) the increased cost of the 
independent spillway for a 100-foot dam, over thatt for a 130-foot 
dam, the actual financial advantage of the 100-foot dam is much 
less than would appear from a cursory study only. Moreover, 
the gain in storage between 100 feet and 130 feet is about equal 
to the gain between fifty-eight and 100 feet Hence;, the con- 
struction of the dam to the height of 130 feet, giveis about double 
the sitorage, over and above that gained by the fifty-eiight-foot 
dam, that will result from the construction of a dam to the 
height of 100 feet The cost of a 130-foot dam is not double 
that of a 100-foot dam. If then the storage has any commer- 
cial value, and it can be shown that the additional amount 
6 
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gained, will be utilized in the immediate or sear future, it follows 
that thie 130-foot dam is preferable to the 100-foot 

If, for any reason, it should be deemed desirable to build a 
fifty-effight-foot dam, without intention of enlarging or building 
upon in the future, then it is suggested that such a dam be 
located ait either Dam Site 3 or 4, or even some possible site 
higher up; this policy. would leave! the lower sites, which are 
especially available for high dams, storing lairge quantities of 
watery available when required for iuture use. 

In view of the probable vast future development of both the 
transportation and industrial interests of the State, it is the 
fixed opinion of the present writer that absolutely nothing should 
be done in the way of a temporizing policy which will, in any 
way, interfere with the ultimate development of the storage 
capabilities of this magnMdent stream to its approximate full 
capacity. 

The following, are the footings of the several estimates: 

At Dam Site No. 1, a masonry dam fifty-eight feet in height, 
without intention of building or enlarging upon, is estimated to 
cost $1,200,000. 

At the same site a masonry dam, fifty-eight feet in height, but 
designed of such section as to admit of extension to 130 feet, is 
estimated to cost $2,234,000. 

The cost of completing such a masonry dam between the 
heights of fifty-eight feet and 130 feet, is estimated at $997,000. 

The final cost of the completed masonry dam, 130 feet in height, 
would, therefore, be ($2,234,000 +$997,000)— $3,231,000. 

If the 130-foot masonry dam were to be built all at one time — 
continuously — it is estimated to cost $3,152,000. 

The difference between $3,231,000 and $3,152,000, of $79,000, 
representing the expense of providing temporary protection to spill- 
way, temporary gate-house, cost of removal of same and other 
miscellaneous items of additional expense of like nature. 

The foregoing estimates applying to Dam Site No. 1, provide for 
a granite-faced spillway 400 feet in length, with water cushion in 
every case. 
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At Dam Site No. 2, a masonry dam fifty-eight feet in height, 
without intention of building or enlarging upon, is estimated to 
cost $1,269,000. 

This estimate includes the expense of a water cushion. 

At the same site a masonry dam fifty-eight feet in height, but 
designed of such section as to admit of extension to 130 feet, is 
estimated to cost $1,989,000. 

There is no practicable way to provide for the flood flow oyer 
a s fifty-eight-foot masonry dam at this point, except by spillway 
directly over the front, the same as at Dam Site No. 1. In the 
case of a dam built to the height of fifty-eight feet temporarily, but 
designed to be ultimately extended to the height of 130 feet, it is 
considered that the flow could be allowed to go over the face of 
the ordinary masonry for a few years, and accordingly granite 
masonry in front of the dam has not been provided, for the reason 
that when finally raised to the full height of 130 feet the inde- 
pendent spillway would come into play. The water cushion, how- 
ever, would be indispensable during the time of flow over the 
fifty-eight-foot base, and its cost is, therefore, included in the 
foregoing estimate. 

The cost of completing such a masonry dam between the height 
of fifty-eight feet and 130 feet is estimated at $1,408,000. 

The final cost of the completed masonry dam, 130 feet in height, 
at Dam Site No. 2, would, therefore, be ($1,989,000 + $1,408,000) = 
$3,397,000. 

If the 130-foot masonry dam were to be built all at one time — 
continuously — it is estimated to cost $3,120,000, without a water 
cushion, or $3,338,000 with. The reasons for the small increase in 
total cost, where built piecemeal, are the same as those already 
cited in the case of Site No. 1. 

Owing to the large amount of labor required to complete these 
several estimates within the time available, the present writer 
has not been able to give the project of an earth dam at the Hog- 
back other than very cursory attention. In order, however, that 
the approximate cost of dams at this site might be included in 
this report for purposes of comparison, Mr. O. L. Johnson, Deputy 



State Engineer and Surveyor, kindly undertook to prepare the 
series of estimate© for earth, dams, the footings of which herewith 
appear. 

An earth dam fifty-eight feet high at the Hogback location, 
without intention of building or enlarging upon, with independent 
spillway and regulating works by tunnel through the Hogback, is 
estimated to cost f 850,000. 

An earth dam at the same site 130 feet in height, with independ- 
ent spillway and regulating works by tunnel through the Hog- 
back, is estimated to cost $2,100,000. 

An earth dam at the same site, fifty-eight feet in height, but 
designed of such section as to admit of extension to 130 feet, is 
estimated to cost $1,400,000. 

The cost of completing such an earth dam between the heights 
of fifty-eight feet, and 130 feet is estimated to cost $ 1,050,000. 

The final cost of the completed earth dam 130 feet in height at 
the Hogback location, if built in piecemeal, would therefore be, 
according to Mr. Johnson's estimate ($1,400,000 + $1,050,00) — = 
$2,450,000. 

In all of these earth dams a concrete core carried to a depth in 
the rock of thirty and thirty-five feet, respectively, is provided for. 

In regard to the foregoing estimates, it must be understood that 
the sections on which they are based, as well as the estimated 
themselves, have been mostly prepared during the last fifteen days. 
During the progress of the field work the amount of detail of the 
various examinations made was so great as to leave little time 
for close work on plans and estimates. It is needless to remark 
that a complete report on a project of this magnitude can not be 
made in fifteen days. At least ninety days' additional time will 
be required, at the end of which period ta final report more nearly 
worthy of the project can probably be submitted. In the mean- 
time it will be understood that all conclusions and estimates 
herein contained are subject to a final revision. The detail of the 
estimates will be given in the final report 

Again, the various sections of dams applicable to the several 
sites herewith submitted, may also be considered, in some partiou- 
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lara, as tentative only. This remark especially applies to the top 
finish, where in the final designs some form of inexpensive archi- 
tectural ornamentation may be properly applied. At the same 
time it may be stated that the substantial copings with which the 
walls are surmounted in the present sections are in every par- 
ticular a proper finish for an engineering structure of this magni- 
tude; but, if in the preparation of final plans, it should be deemed 
proper to add any purely architectural features, such decoration 
could be added without any material increase of cost over that 
required for the substantial coping alone. 

The other possible slight modifications of the sections will not 
be of such a nature as to materially affect the cost. 

Very respectfully. 

GEO. W. RAFTER, 

Engineer in Charge. 
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REPORT 



Albany, N. Y., April 1, 1893. 
, Hon. Campbell W. Adams, /State Engineer and Surveyor : 
| Sir. — I hare the honor to submit herewith, my final report on 
1 the Genesee river storage project. 

! In a prelilninary report made to your predecessor, the Hon. 
j Martin Schenck, under date of December 15, 1893, it is sta/ted that 
| in view of the suggestion that the proposed storage dam might be 
; economically constructed of concrete from available local material, 
! an extend ve series of experiments on this material had been 
I ci, i-ried out The experimental blocks have now been tested and 
: u • results compiled, and we may properly begin by an exhibit of 
; the information acquired and the conclusions arrived at. 
; The objects to be obtained by these concrete tests were as 
i follows: 

j (1.) To determine whether the Genesee shales, which exist in 
\ vast quantity in the sides of the gorge and immediately at all the 
; dam sites, could be used as the aggregate of concrete, either for 
' the entire work or for a portion of it. 

; (2.) To. also determine the value of stone from deposits some 
• distance away from the work, but still near enough to be fairly 
j available, for the same purpose. 

I (3.) To determine the constructive value of such American 
, cements as from their nearness to Mounlt Morris may be con- 
! sidered especially available for this work. 

j (4.) To determine the value of the local sand, in combination 
i »vith the available cements and concrete aggregates. 



I The stones used in the tests are (1) the Genesee shale, as taken 
j opa the sides of the gorge immediately at Dam Site No. 2; (2) 
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one from Ridge quarry, which is located about three miles from 
L»ain Site No. 2, the available information with regard to which 
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has been given in the preliminary report; (3) from Portage, and 
(4) from Nunda. The eantrollinig cLrcum^taii^ ait these two 
latter quarries are also indicated in the preliminary report. 

The cements used in the testis were (1) Chinmiiiiig's Buffalo; (2) 
Newman's Akron; (3) Bangs & Gaynor's Fayetteville; (4) Norton's 
Rosend&le; (5) Millenfs Wagrland! PoiWand and (tty Saviors 
Portland. 

The sand tused was from extensive banks in the immediate 
vicinity of Dam Site No. 1. 

These several stone© have all been broken to pass through a 
two-inch ring, washed clean and combined with various propor- 
tions of sand and cement. One hundred and seventy-four test 
cubes of one foot each were molded, and a record kept of all the 
attendant conditions from the time of the moulding until the 
breaking of the blocks in the month of February. Table No. 2 
presents the complete data of the tests. 

As preliminary to the tests the voids of the several varieties of 
stone to be used as aggregates were determined in the following 
manner: A w r ater- tight cubic foot measure was first filled with 
the material of which the voids were to be determined. After 
striking off and weighing, the voids were filled with water, and 
the whole again weighed. The difference of the two weights repre- 
sents the weigUt of the water added to fill the voids of a cubic 
foot. The ratio of the weight of a cubic foot of water to that of 
the amount required to fill the voids gives the percentage of the 
voids. 

Proceeding m this way several detetraninatioinis were made in 
each caise and the means token. The following aire the results 
reached: 

(1) For the Genesee shale, when thrown into the measure with 
a shovel and slightly shaken, so that ithe solidity of the material 
fairly represented that of ondinairy metomring in) quantify, the 
mean of five determinations gave the voadls as 38.3 per cent. The 
range of the five was from 36.1 as a miuiiimum to 41.3 per cent as 
a Trwa.Tiin!nm. 

(2) With the shale packed in the measure with ai tamping iron, 
used about as forcibly as for the oodinairy mmmmg of ooBarete, 
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the mean of four trials was 31.6 per cent> the range of the four 
being from 2&8 to 33.6 per oenrt. 

(3) The mean of both of the pa^ecedieg aeries (mean of nine 
dieteiminjatilons) was 34.9 per cent. 

(4) For broken stone from the Ridge quiatrry, slightly shaken, 
the mean of five trials was 46.2 pan oent The range was from 

44.5 to 48.5. 

(5) Ridge quaimy stone packed gave a mean) percentage of voids 
from five trials of 38.6 per cent The range was from 36.9 to 39.3 
per cent. 

(6) The mean of ten trials included in (4) amd (5) was 42.4 
per cent. 

(7) For broken atone from Portage, slightly shaken, the mean 
of five trials was 43.3 per cent. The, range was from 41.7 to 45.3 
per cent 

(8) Portage stone packed gave a mean from five tirilals of 37.4 
per cent. The range was from 35.7 to 39.3 per cent. 

The mean of the ten included in (7) amd (8) was 40.4 per cent. 
(10)For broken stone from Nunda, slightly shaken, the mean of 
five trials was 43.2 per cent. The ramge was from 41.7 to 44.9. 

(11) Nunda stone packed gave a mean from five trials of 38.5 
per cent The range was from 37.3 to 39.7 per cent. 

(12) The mean of the ten tests included in (10) and (11) was 40.8 
per cent. 

The voids in the sand used in 1 the tests wene found as the mean 
of 12 determinations, to be 31.7 per cent. The Tiajnge was fixwn 

35.6 per cent for dry sand from top of pile slightly shiakeni, to 28.0 
per cent for damp sand from the center of large pile packed. 

As this siand would ordinarily be measured into work the voids 
may be expected to average about 32 to 33 per cent 

With the exception of Norton's Rosendale, tensile tests of tlhe 
several cements used in the concrete blocks were made at the 
State testing office, and the results aire piresenitedl in Table No. 1. 

Norton's Eosendale was not tested for tensile strength, etc., 
because the samples forwarded to the State testing office were 
accidentally djefitroyed, and the press of work at that office pre- 
vented the obtaining and testing of furtlher samples. Th£ con- 
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caieite teste indicate, however, tbiaifc <tihis cewueat, when used in con- 
crete, will not vary essentially from the ortheir natural cements of 
which the detailed tensile and other teste aaie given in Taible 
Na 1. 

In the tensile teste of Table No. 1, a series have been made 
with the Mt Morris sand, as well as with the standard quanta 
used ordinarily for test purposes. Some of the results brought 
out are of considerable interest, as, for instance, wi»th Saylars 
Portland cement, the standard quartz, 1 to 1, gives 329 pounds 
tensile in seven days and 450 pounds in twenty-eight days, while 
with Mt Morris sand, 1 to 1, Baylor's Portland gives only 257 
pounds in seven days, and 317 pounds in twenty-eight days. In 
2 to 1 proportion the quartz is still superior to the Mt. Morris sand. 
In 3 to 1 they are about equal; in 4 to 1 the Ifcft. Morris sand is 
somewhat superior to the quartz, while in 5 to 1 proportion the 
sand is still better than the quartz. 

If we analyze the tests of Wayland Portland in the same way 
we observe that for the 1 to 1 proportion the superiority of the 
quartz over the Mt. Morris sand is much more marked than 'in the 
previous case. Thus the quartz gives 436 and 516 pounds in 
seven and twenty-eight days, respectively, while the sand, 1 to 1, 
is only 363 and 442 pounds for seven and twenty-eight days, 
respectively. 

At 3 to 1, 4 to 1 and 5 to 1, the quartz and sand are practically 
equal, although there is a slight superiority of the sand in the 
5 to 1 mixture. 

An explanation of these interesting results is offered when we 
examine the column of fineness in Table No. 1, from which it is 
seen that a sieve of 2,500 meshes to the square inch passes 100 
per cent of Baylor's Portland and one of 10,000 meshes passes 
971-2 per cent of this cement. The Wayland Portland is con- 
siderably coarser, 983-4 per cent passing the screen of 2,500 
meshes, while only 871-2 per cent passes the screen of 10,000 
meshes. 

As between the standard quartz and the Mt. Morris sand the 
quartz is considerably coarser, the result being that when small 
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proportions of cement are used as in 4 to 1 and 5 to 1 mixtures 
the finer Baylor's Portland is able to more thoroughly coat the 
particles, large and small, of the Mt. Morris sand, than of the 
coarse quartz. In the case of the Wayland Portland, with 12 1-2 
per cent larger than the 10,000 to the inch mesh, we may appar- 
ently assume that the 12 1-2 per cent of the cement which fails to 
pass the sieve of 10,000 meshes is just what is required to fill the 
voids in the coarse quartz, and hence ther>e results greater homo- 
geneity of the whole mass, with its corresponding increase in 
cohesive strength. On the other hand, in the case of th|e Mtj. 
Moi-ris sand, which contains a certain per cent of particles of 
approximately the same size as these coarse cement particles, 
there are no void spaces for the cement particles to specially ftt 
into, but they merely act to increase the bulk of the sand; hence 
there results lean homogeneity of the mass, with a corresponding 
decrease in cohesive strength. It is clear, then, that finer grinding 
of the Wayland cement would considerably increase its strength' 
when used with the Mt. Morris sand, while with the standard quartz 
finer grinding would not be likely to lead to any increase in 
strength and might even lead to a small decrease. 

It may be mentioned, however, that even with the disadvantage 
pointed out, the intrinsic strength of the Wayland Portland is. so 
far in excess of the Saylorte as to still give a. 5 to 1 mixture some- 
what stronger. 

The following is the mechanical analysis of the Mt. Morris sand 
as made at the State testing office: 

Percent. 

Retained by No. 20 sieve (400 meshes) 0.625 

Retained by No. 30 sieve (900 meshes) 7.500 

Ketained by No. 50 sieve (2,500 meshes) 54.375 

Retained by No. 74 sieve (5,746 meshes) 30.625 

Retained by No. 100 sieve (10,000 meshes) ". 3 . 125 

96.250 
Passed by No. 100 sieve 3 .750 

Total 100.000 
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Taking the percentages in the order of the amount passed by 
each sieve and we have: 

* Per otnt of 

the whole. 

Passed by No. 20 sdeve 99.375 

Passed by No. 30 sieve 91.875 

Passed by No. 50 sieve 37.500 

Passed by No. 74 sieve 6.875 

Passed by No. 100 sieve 3.750 



This sand is absolutely pure quartz. J$ ven the portion passing the ' 
No. 100 sieve shows clean and sharp when examined under the 
magnifier. Its entire freedom from vegetable matter, wilth its 
other good qualities, makes it an exceedingly valuable addition to 
the local resources available for this work. 

The Wayland Portland neat gives a tensile strength of 542 pounds 
iu seven days and 623 pounds in 28 days. As shown by the wiire tests 
this cement is modeaiaJtely slow setting — slow enkwigih to give time 
for any necessary manipulation and handling of material, such as 
is required on any work of magnitude. The Baylor's Portland, on 
the other hland, is shown to be nearly as. quick setting as* the 
natural cements, a fact wtech might maiiltafte somewihlat against 
its usie on a large work! like the proposed Genestee storage daim, 
where, <m account of the distiamiees to be covered, some little time 
for injanipuilaition is iinperiaitiveily necessary. But in making a 
final decision ithfc fact should not be lost sagiht of that when mixed 
with sand into mortar the time of setting is gtreaitly retardecL 

Far reasons wbioh appear in detail in the taibdes, I do not con- 
sider any of the natural cements tested available for a work of 
this chjapaiciter^ and I will, therefore, forbeair spenidiinjg any time 
discussing the results of the teats of these cements. 

In addition to. the tenelLle tests ju^t irefetrred ftio, the cememts 
were also subjected to the hot test, as described bjy Mr. Faija, in 
the Transactions of the American Society of Oivii Engineers, 
vol. XVII, piage 218, and following: 

Both of the Portland cements stand this test perfectly, while 
the results indicate ttot none of the natural cements tested would 
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be satisfactory foir important dam work, such as we are now 
specially considering. 

It has been generally assumed that coimpairiative concrete tests 
should agree in age as nJetarly as possible to the day, and, accord- 
ingly, it may be urged against these tests thlarti tihe different 
blocks are not strictly comparable, by reason of varying some- 
whait in age at the time of breaking. In order to show in 
this connection just how much importance attaches to esatct 
agreements of age Table No. 1 A: has been prepared from the 
records of the Staite cement testing office; and while this table 
shows nothing which was not well known' before, it! still serves to 
present saliently in this place that fact that the more rapid increase 
in the strength of mortal* is mostly confined to the first thirty 
days, and that between ages of two and three months the differ- 
ence is not so great as to mjake compiairiisons entirely impossible. 
There is, however, a clear improvement with age at this period, 
and the results of this table will enable one in comparing the con- 
crete tests to make tihe proper allowance. The Wayland Port- 
kind tests, recorded in Table No. 1 A, are not from the same 
sample m that used for the concrete tests, the tenisile tests of 
which for seven and twenty-eight diaysf periods are given in Table 
No. 1. 

The manuf actutfe of high grade Portland cements has recently 
become of considerable imporltance in this country, and the record 
of a test by days, up to thirty, of the Empire Portland, is, there- 
fore, also given in Table No. 1 A, by way of showing that there 
a*re now a number of high-grade American Portland cements^ any 
one of which may be considered suiltajble for a work of this 
character. 

One point of interest brought out by the tests recorded in 
Table No. 1 A, in comparison with theste- im Table No. 1, is as to 
the effect of a slow setting cement on the strength of mortars 
when mixed with various proportions of sand. On examining the 
wire test records of the Wayland Portland, given in Table No. 1 A, 
it will be seen that this sample was consiJdleraibly .slower in setting 
than that of which the tests are recorded in Table No. 1. Com- 
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paring the Teecmte of tike two samples tested nea/t at seven days 
and twenty-eight, it appeans ttat the sample of Table No. 1 gave 
a tensile strength of 542 pounds in seven days, and 623 pounds in 
twenty-eight diaya The sample of Table No. 1 A gave 519 
pounds in seven days, and 610 pounds in twenty -eigiht days, results 
somewhat less> as they should be, than those of the quicker setting 
sample of Table No. 1. 

If we compare in the same way the results of the tests of these 
two samples of Wayland cement mixed with various proportions 
of standard quartz, as given in the tables, we find that the effect 
of the slower setting cement in retarding the development of 
strength is much more marked than in the case of the samples 
tested neat. In 1 to 1 mortar the sample of Table No. 1 gave 436 
pounds in seven days and 516 in twenty-eight days, while the 
slower setting sample of Table No. 1 A gave only 272 pounds in 
seven days and 386 pounds in twenty-eight days 1 , and not until 
the end of five months does this sample give approximately the 
same strength as the quicker sample of Table No. 1 gave in 
twenty-eight days. 

* In the same way the two sets of tests may be compared up to 
the 5 to 1 mixtures, when it will be found that all exhibit the 
truth of the same general law. In the case of the 5 to. 1 mixture 
the sample of Table No. 1 developed a tensile strength of 152 
pounds in twenty-eight days, while the corresponding sample of 
Table No. 1 A gave a strength of 151 pounds in two months. 

In taking the weights of the cements experimented upon the 
cubic foot has been used as the unit, instead of the bushel, as is 
ordinarily the case. The weights per cubic foot are as follows: 
Buffalo Cement Company's cement, 75.5 pounds; Newman's Akron, 
7v>.5 pounds; Bangs & Gaynor's Fayetteville, 75.25 pounds; Nor 
ton's Rosendale, 76.0 pounds; Saylor's Portland, 102.65 pounds, and 
Wayland Portland, 109.25 pounds. These figures are the means 
of five trials, and represent the weight of the struck measure of 
ceinent in each case as shoveled from the barrel into the measure 
and slightly shaken. The computed weights of the struck Win- 
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Chester bushel are, for Baylor's Portland, 127.7 pounds* and for 
the Wayland Portland, 135.9 pounds. 

These figures show at once that the Wayland Portland is a 
very heavy cement, comparing favorably in weight with the best 
foreign brands. 

The proportion^ of water shown in. Table No. 1, as used in 
gaging the cements for the tensile tests, are such as are ordi- 
nairdly used at the State cement testing office for these cement* 
As to whether these are the best proportions for these particular 
cements the present writer is unable to say, as this point has not 
been experimented upon in the work done under his direction. 

In the concrete tests the rule was to only use water enough to 
produce a stiff paste, except in a few cases, as noted, where the 
smallest possible quantity of water was used. 

From Table No. 2 it appears that the trial blocks of concrete 
were molded. from November 11, 1893, to December 12, inclusive. 
In every case an attempt was made to mix a large enough batch 
of concrete to represent the results of actual mixing in. practice. 
To secure this result full measures were in every case taken, thus 
for a 1 to 3 mortar, 1 cubic foot of cement and 3 cubic feet of sand 
were used. If amounts of sand and cement were to be combined 
with 5 parts of broken stone, then. 5 cubic feet of stone were 
measured out. 

In regard to proportions of sand and cement and mortar, it may 
be remarked that it appeared to the present writer that the ordi- 
nary method of rating concrete as 1, 2 and 4, or 1, 3 and 5, or 
1, 4 and (>, etc., meaning thereby that 1 part of cement and 2, 3 
or 4 parts of sand, and 4, 5 or 6 parts of broken stone have been 
used, is not only unsdlenitific, but that it is! positively mMeoxiing, 
and its neariy uniyeirsial prevalence has served to obscure, to a 
oonsadjerialble extent the real points to be looked! out for in the 
f abiftoation of concrete. In reality the reHa.tSoin is between the 
voids in the broken stone and the moirttlajr. 

In pujnsiuiaince of this view the proportfiian of morter to broken 
stone has been given in the reoordis of these testis as a ratio, the 
8 
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quantity appearing in column (9) of Table No. 2 being thje 
quiOtiLeGQit arttaing from divi<Mng the number of cubicfeetof miortar, 
measured after mixing, divided by the number of cubic feet of 
broken atone, with. which the mortar ^ias msowpomtetL Tlhe 
quantity in column (9) expires^ therefore, the percentage rella- 
ti<on between the mortar and the stone. Tlhe reflation which, the 
quantity of moontar need beians to thJe voids is elhorwn by the state- 
mentof resultsof determination of voids given on a preceding page. 

A common rule is thaiti the volume, of mjoortajir used should be 
somewhat in excess of the volume of the voddls as measured before 
compacting. The plresent (tajsltlB, hjowever,, indieajte that the 
stfrongeist concretes are Secured when the volume of the mortar 
is very little, if any, in excess of the voids as maaJsured before 
compacting or even a little less. This is strongly Hlustrnted in 
the iSeries from 39 to EE, in Table No. 2. But in making such 
concrete, special attention must be paid to the ramming, as upon 
its thoroughness will depend the Success of the operation. In 
the case of using mortar in less quantity than the volume of the 
voafcls, obviously the rainming must be depended upon to reduce, 
by consolidation of the mass, the volume of thie voidls to some- 
what leps than wlhat they would be with a smaller amount of 
ramming. 

Ajs will be seen by inispectinlg Table No. 2, in the majority of 
the tests, the mortar wais made 42 per cent of the broken stone, 
thSs being about the per cent of voids in the hard stones before 
consolidation as per the dletteomiim/tions already cited. For the 
Gemesee shales this propotrtilon i!s somewihat too large, but it was 
cotnisidered best to use a neiativeiy larger pixxpoirtion of mjortar 
with this aggregate than with the others, because by reaison of 
its extreme friableness this stone grinds up considerably in the 
process of ramming. The conumjauted shale acts to dilute the 
cement and weaken it. This nasult is strikingly exhibited in all 
the tests where it appears that the hJard stone concretes aire from 
one and one-half to twice as strong as tlhe corirespomding shale 
concretes with the same percentage of montiar. This is shown in 
detail in Talble No. 4. The conclusion is then* thiat> if mortar 
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wiere used in proportion to the smaller volume <tf voids in the 
dhlaiLeis rtBxe siaime as with the hard stones, the additional ramming 
requili^d would so fair grind up the shale^ thereby redlmcing the 
gfcrenigtih of thie cement by dilution as to negative lite benefits 
derived from such treatment as applied to hard stone. 

If we examine the series of Waylamd Portland blocks with 33 

pier oeaut of mortiair from No. 39 to EE, inclusive, in <xmjparilson 

wiltfli tlue steaties of 42 per cent of mortar from Mb. 46 to 00, 

indiiifiivie, we see, a;t once, the beneficial effect of decreased 

amonxnrts of mortair and thorough ramming. Ini the first series 

the mortar was only flushed to the surface with the most thorough 

ramming, while in the latter the flushing ooeuirred atfteir a miodeir- 

aite -ajmjofunt of ramming., Again, in blocfcs Nos. 46, 47, FF, and 

GO, tlhe mortair was mixed with only the sanlallefirt: amount of 

waltar possible to be used. The effect of this treatment on the 

shale blocks was to produce for the shale, with 1 to 6 mortar, in 

the proportions of 42 per cent to the measured quantity of broken 

stone, a concrete over 12 per cent stronger than the same strength 

of mortar in proportion of 33 per cent, as exhibited by blocks 44 

and DD. The mean of the final stress of 44 and DD is 

695 + 482 

2 
672 + 650 



= 58>* pounds, while for 40 and FF it is 

= 671 pounds, or the mean of 46 and FF is over 

12 per cent more than the mean of 44 and DD. On the hard 
stone bloeks, 47 and GO, the effect of the reduction of the amounit' 
of water is very much more marked. We have for these two 
blocks, composed 1 to 6 mortar, 42 per cent of the broken stone, a 

» 174 _i_ i s^2 
mean final stress of — 1 — - — — = 2,028 pounds on the square 

inch. This must be considered a very fine result for a concrete 
with this strength of mortar, and only 76 days old. 

As to whether such a result can be obtained in practice on work 
it may be stated that the use of 1 to 6 mortars will of necessity 
require very thorough mixing of the sand and cement, but there 
need be no difficulty in securing this by the use of mechanical 
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niixers. With this end attained, and through, inspection of the 
gaging of the amount of water to varying temperatures and 
humidities, and thorough ramming, there ought to be no difficulty 
iu Teaching these results always. It must be promised, however, 
that the inspection be that of an expert in concrete fabrication. 

The test blocks were prepared under the supervision of the 
present writer, who, although unable to be constantly present 
from beginning to end, was still on the ground directing opera- 
tions most of the tiime for the first week, and after that for the 
next ten days, three or four times each day, a hilf an hour at a 
time. At the end of this period the work was fully organized, and 
for the balance was left in charge of an intelligent assistant. Of 
the two men actually doing the work of manipulation,, the princi- 
pal one has had long experience in the use of Portland cements 
and may be considered, as ordinary masons go, an expert at such 
work. As indicated by Table No. 2, the tests blocks were made 
late in the fall, after the beginning of freezing weather, and in 
order to secure as nearly as possible unifonmity of conditions, the 
water used in mixing was warmed to a temperature of 60 degrees. 
The mixing was according to the following formula, which was 
rigidly followed in every case. Tfce proportion of cement* sand 
and stone having been determjiniedJ upon beforehand, the stxxoe 
was first measured out by itself on a separate platform and 
thoroughly washed clean of all impurities by water at a tempera- 
ture of about 100 degrees. It was fully recognized, however, thait 
nothing like heating the material should be permitted, and care 
was taken to so proportion the amount of warm water to varying 
air temperatures as to leave the stone at a temperature not higher 
than about GO degrees when actually mixed with the mortar. In 
order* to insure definite results in all matters relating to teanperar 
ture, a thennbmeter was used at every stage of the operation. 

After washing the sitonie, the sand was measuined on to amiotfajer 
platform, evenly spread, and finally the cement measured and also 
spread evenly over the sand. The mixture was then worked over 
and over until the cement was evenly distributed throughout the 
sand, the whole having taken such modified uniform color as was 
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due to the varying colors of the different cements. The mixing 
was continued until absolutely no traces of streaks, of cement 
through the sand could be seen. This operation, being completed, 
enough water was added by sprinkling to bring the mortar to a 
stiff plastic mass. After thorough incorporation of the water the 
quantity of mortar to be used was measured from the pile and 
spread evenly over the broken stone, which had been previously 
leveled over the platform to the depth of 4 to 5 inches. The mix- 
ture of broken stone and mortar was then turned back and forth 
in accordance with General Gilmore's formula for mixing con- 
crete, as given in his Limes, Cements and Mortars. 

The molds used were constructed of thoroughly seasoned two- 
inch oak plank, and so arranged to go together with wedges as 
to be easily removed after the blocks had set In order to prevent 
the concrete from sticking to the sides of the molds, they were 
well smeared with tallow before use. The molds having been, got 
ready beforehand, the concrete was shoveled into them and 
rammed in layers of about three inches, as soon as the process of 
mixing on the platform was complete. After the first few days 
the blocks were in all cases made in duplicate, one block of each 
set going into water at a temperature of 60 degrees, and the other 
remaining in air at that temperature. In the tables the numbers 
(1, 2, 3, etc.) indicate the blocks set in water, and the letters (A, 
1', C, etc.) the blocks left in air. Up to and including the molding 
of the blocks the operations were all carried on in' the open air, 
and the temperatures given in column (3) of Table No. 2 are the 
outside air temperatures at the time of mixing each block. As 
soon as mixed the blocks were carried into a basement, kept at 
the uniform temperature of 60 degrees, and allowed to stand until 
pet. After setting had taken place and before removing the 
molds the top of each block was dressed true and smooth with 
mortar of the samfe cement and proportion of sand as used in the 
block itself. The sides of the molds were then removed, but the 
bottoms were left under the blocks; and after a further interval, 
depending upon rapidity of setting, those intended for the water 
test were placed in a tank, where they were entirely submerged. 



For both, water and air blocks the blocks were left undisturbed 
on the bottoms until they were finally shipped for testing, January 
2<>, 1894. 

The compression teste, of which the details are given in Table 
fto. 2, were made on. the large horizontal l,0(iO-ton machine of the 
Phoenix Iron Company, a;t Phoenixville, Penn. For compression 
^tests of this character the machine is arranged with two planed 
iron faces, one of which is fixed to the machine exactly at right 
angles to the line of motion, while the other face is free to move in; a 
knuckle joint, which allows it to adjust itself to any slight lack of 
parallelism of the faces of the blocks to be compressed. In such 
ieistis it has been common to make the compression faces true by 
the use of plaster of Paris, but lacking facilities for applying the 
plaster of Paris on a plane metallic surface, as recommended by 
General Gilmore, it was concluded to dress the blocks up with 
neat cement, and, after setting of the same, to bring them to true 
surfaces by scraping with steel straight-edges. This treaitment 
involves somewhat more labor than the plaster dressing, but the 
results were mostly satisfactory and the difference in expense is 
not material. Generally speaking the blocks adjusted themselves 
to the plates satisfactorily, and it is believed that there are no 
material errors in the tests due to lack of uniformity of distribu- 
tion of pressure over the entire area compressed. One or two 
cases, however, are noted in column (22) of Table No. 2. 

In reducing the results to pressure on the square inch, the 
blocks have been assumed as exactly one foot area. The molds 
were very carefully and strongly made, as already noted, of two 
inch oak, and the v&friiatians from a square foot afraa were so 
very slight that no material error arises from such ajssujmptioii. 

In order to determine (the rieiLajtive value of the Genesee sihaies 
for concrete in comparison with the harder Ridge, Portage and 
Nundla stones, it was ooaMdiemed diesilriajbilie to miake ia number of 
tests of the actual/amount of decrease of length which a number 
of (the blocks underwent with given pressfuinesi appliLed. For this 
puirpose a sfimple multiplying gage, the short amm of which was 
4 inches in length, and the long annu 60 inchjesi, was set in 







in 

\ v,- in] ■ 







o 


s 


IvV/ 


| 




5 

§ 

■ o 

k- 



r-*k ■•••' S 111 


■u 

i 

i 




u 
>i 

PL 

B 

■■■ z 
m 
E 

+j 

3 

2. 


kAjtt|B ; ' ^^I^HB 


5 


m i 




W_M^B 




•"^■^■^^ 





63 

between the iron plates tmnsmtiititinig the pressure from the 
machine to thle Mocks. The proportionate lengths of the ainns 
was as 1 to 15, whence tilie record made by the pointer ait tbe 
end of the long aim was 15 times the ajotuai decrease in length. 
A fine scale graduated to one one-huiuilriecllth of an incb was used 
to measure tibe dlisltanice passed over by the pointer in eacib case, 
and a division of tte indicated quantity by 15 gave tibe actual 
cxmipression. In this way the results tabulated in column (21) of 
Table No„ 2 (bave been obtained. 

Wflthouit goilng into an elaborate analysis of these compression 
tests it will be sufficient to state thialt as si wbiole titoey indicate: 

(1) That tbe compression decreases iajsi the pressure per unit of 
area incmeases. (2) Tbat the ehale blocks compress about one 
and Six-tenths titmies as mnch as thiosle from tbe bander Ridge, 
Portage or Nunida stone. Table No. 3 is designed tlo show tibe 
relations of the flwio cliassies of stones, ais tfegajrds compression^ in 
detail. 

In compiling Table No. 3, a few of tibe compttieslsiijon records, 
between 200 pounds on tbe incb and 650 pounds, bave been 
omitted, as being m far* away from the meteum as to appear 
abnortmai. For instance, it will be observed on aietfeiiring to Table 
No. 1, that block No. 12, compolsed of a momtair of Waylamd cement 
amd sand 1 to 2, and sbale, with mortar 43 per cent of tbe 
measured quantity of shale, gave no comipneslsion ait all between 
the limits of 200 pounds on thle square 1 incb and 650 pounds. 
From 650 pounds to 1,100 the compression was 0.004 inches, and 
from 1,100 pounds to 1,569, tbe point of first crack, the com- 
pression was also 0.004 inches. And while it may pojssibly be 
itrue thajt this block was actually incompressk>na ( ble between the 
limits of 200 pounds on the squaire itach and 650, still, viewing 
the tlelsftjs *vs a whole and especially taking into account that the 
mean of the fourteen shale blocks, included in Table No. 3, is 
0.01346 inches between the limits considered, it must be con- 
sidered dodbtful if such an indicated record is entirely correct. 
It ba», therefore, appeajred allowable to reject this determination 
from the mlean. 
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Again, Nock 55, oompoeed of Waylaind PontHamd cement and 
sand, 1 to 4^ and Nundia stoae, with mortar, 42 pear cent of the 
aggregiate, gave a compressiioii, between 200 poumds on the inch 
and 650, of 0.03533. Also block 69, composed of Saylc^s Portland 
cement and sand, 1 to 3, aaad Badge stone, with mortar, 0.42 per 
ceaut of the stone, gave 0.02677. Rejecting these two appeupenWy 
a/bnormaliy large results, and we have 0.00825 imdhes as the mean 
of 23 blocks between the limits of 200 pounds on the inch, and 
650. In view, therefore, of the considieiriaibile depaifltuire.of blocks 
55 and 69 from ithe mean, it appears proper to reject them, not, 
however, because it is enittLnely clear that the record is incorrect, 
but beciaiuse the results of the teste, as a whole, the same as in ihe 
previous case of shale block No. 12, tend to east some doubt upon 
tfajem. In this coninectkwi it Is proper to say that these apparently 
abnonmjal records were noticed when obtained!, and, in each case, 
a dose examination of the compression recording apparatus failed 
to show any defects therein which would account for the irregular 
remiita 

Taking the means, then, as given in Table No. 3, at 0.01346 inch 
for 14 shale blocks, and at 0.00825 inch for 23 hard stone blocks, 
and it results that as a mean the compression of the shale con- 
cretes between the limits taken in Table No. 3 was 1.63 times as 
great as for the blocks mad£ from the harder Ridge, Portage and 
Nunda stone. 

Table No. 4 has been prepared in order to show the relative 
breaking stresses of the shale blocks in comparison with blocks of 
similar mortar composition made from the harder stones. These 
comparisons are confined to the two Portland cements for the 
reason already indicated, that the results of the tests are to show 
the entire inadaptability of the natural cements to this work. 

In regard to the comparative values of the Genesee shale and 
the hard stones, we learn from Table No. 4: 

(1.) That Wayland cement in 1 to 1 mortar, in the proportion of 
33 per cent of the broken stone, gives a concrete, with the hard 
Ridge, Portage and Nunda stones, from 2.2 to 2.4 times as strong 
as the same composition of mortar with the Genesee shale. 



TABLE No. 3. 

Comparison of compression tests of concrete made from Genesee shale 

and hard stone. 



SERIAL NUMBER. 
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3. 
4. 
5., 
6., 
9., 
10., 
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WW. 

67.... 
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40. 
41., 
42., 
47., 
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53 .. 
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DDD 
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Brand. 
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do 
do 
do 
do 
do 
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do 
do 
do 
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do 
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do 
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do 

do 

do 

do 

do 

do 

do 

do 

do 
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Quality. 



Shale, 

do . 

do . 

do . 

do . 

do . 

do . 

do . 

do . 

do . 

do . 

do . 

do . 

do . 



Ridge... 
Portage. 
Nunda.. 
Portage. 

do 
Nunda.. 
Portage. 
Nunda 
Ridge. 

do 

do 
Portage. 

do 
Ridge... 

do 
Portage. 
Nunda.. 

do 
Ridge... 
Portage. 

do 
Nunda. . 
Portage. 



if 

St 

H 



0.67 
0.83 
0.53 
0.80 
0.53 
0.53 
0.48 
0.88 
0.42 
0.42 
0.42 
0.42 
0.42 
0.42 



0.88 
0.33 
0.88 
0.42 
0.42 
0.42 
0.42 
0.42 
0.42 
0.42 
0.42 
0.42 
0.42 
0.42 
0.42 
0.42 
0.42 
0.42 
0.42 
0.42 
0.42 
0.42 
0.42 




0.01200 
0.01183 
0.00783 
0.02000 
0.01267 
0.02800 
0.01267 
0.00800 
0.01783 
0.00153 
0.00400 
0.01133 
0.02547 
0.01677 



0.01846 



00800 
01000 



00667 
01400 
01388 
01067 
00833 
00667 
01067 
00783 
00633 
00583 
00900 
00867 
00388 
01067 
00167 
01200 
00933 
00400 
01538 
00500 



0.00667 



Remarks. 



Sum of 14 shale 
blocks 

= 0.18843, and 
0.18848 

= 0.01846 

14 



Sum of 28 hard- 
stone blocks 
= 0.18966, and 
0.18966 
= 0.00825 



0.01846 
0.00825" 
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(2.) That Wayland cement, in 1 to 2 mortar, of the proportions 
indicated in the table, gives, with, the hard atones, from 1.1 to 1.5 
the strength of the same mixture with the shale. 

(3.) That Wayland cement, in 1 to 3 mortars, of the proportion 
indicated in the table, gives, with the hard stones, from 1.4 to 1.6 
the strength of the same mixture with the shale. 

(4.) That Wayland cement, in 1 to 4 mortars* of the proportions 
indicated in the table, gives, with the hard stones, from 1.5 to 1.7 
the strenglth of the same mixture with the shale. 

(5.) That Wayland cement, in 1 to 6 mortar, of the proportions 
indicated in the table, gives, with the hard stones, from 2.0 to 2.3 
times the strength of the same mixture with the sihale. 

(6.) That Saylor's Portland, in 1 to 1 mortars, in the proportion 
of 42 per cent of the broken stones, gives a concrete, with the 
hard stones, from 2.0 to 2.1 times as strong as the same composi- 
tion of mortar in the same proportion with the Genesee shale. 

(7.) That Saylor's Portland, in 1 to 2 mortar, in the proportion 
of 42 per cent of the broken stone, gives a concrete, with the 
hard stone, from 1.3 to 1.6 times as strong as the same composi- 
tion of mortar in the same proportion with the Genesee sihale. 

(8.) That Saylor's Portland, in 1 to 3 mortar, in the proportion 
of 42 per cent of the broken stone, gives a concrete, with the hard 
stones, from 1.5 to 1.9 times as strong as the same composition of 
mortar in the same proportion with the Genesee sihale. / 

(9.) That Saylor's Portland^ in 1 to 4 mortar, gives, with the 
hard stone, a concrete from 1.7 to 1.8 times as strong as with the 
shale. 

(10.) That Saylor's Portland, in 1 to 5 mortar, gives> with the 
haod stone, a concrete from 2.0 to 2.2 times as strong as with the 



(11.) That Saylor's Portliand, in 1 to 6 mortar, gives, with the 
hard stone, a concrete from 1.2 to 1.7 times as strong as with the 
shale. 

Taking the indications of these tests and the nearest approach 
to an equality of strength of the shale and hard stone, concrete is 
found with a 1 to 2 mortar for both of the Portland cements 
9 
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tested. For the Wa#land, the relation is from 1.1 art) the first 
crack, to 1.5 at the final stress; while for the Sayloir's, 1 to 2, the 
relative strength is from 1.3 at the first crack to 1.6 at the final 
stress. 

A considerable amount of concrete will be used in the proposed 
Genesee river storage dam for filling deep cross trenches in order 
to intercept the passage of water through the strata underneath 
the dam. The more nearly impermeable a concrete used for this 
purpose can be made the better it is adapted to the purpose for 
which it is used. Such a concrete should neicessarily be as dense 
as the materials of which it is composed will admit, a condition 
only attained when the voids in the sand are entirely filled with 
the cement paste and the voids in the stone entirely filled with the 
mortar. An excess either of cement over the amount required to 
fill the voids in the sand, or of mortar over the amount required 
v to fill the voids in the stone, makes the concrete more permeable 
and hence less valuable for stopping water. With the voids in 
the sand about 31 or 32 per cent of the total volume, a 3 to 1 
mortar nearly fulfills the one necessary condition of impermeabil- 
ity. Probably, however, the point of greatest impermeability, so 
far as the mortar is concerned, lies somewhere between the pro- 
portion of 2 to 1 and 3 to 1, and it is satisfactory to observe, in 
the case of the Genesee shales, that the point of greatest strength 
of concrete is in close proximity to the point of greatest imper- 
meability. This is of considerable practical importance, as the 
shale concretes can probably be used for making water-tight work 
in places where neither tensile nor compressive strength is required. 

Taking the tests as a whole, and it appears that the final 
stresses of the blocks set in water are higher than those left in 
air, although there are exceptions to this, as will be seen on 
inspecting in detail either Table No. *2 or Table No. 5, which 
specially relates to this division of the subject discussed. Table 
No. 5 includes all the Wayland cement blocks from. 39 to 55 
inclusive, together with No. 78, and its air duplicate, LLL; it also 
includes all the Baylor's Portland blocks from 60 to 77 inclusive, 
together with No. 79, and its air duplicate, MMM; Nos. 78, LLL, 79 
and MMM, ift will be noticed, are composed of sand and cement 
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only, without any broken stone, as are also blocks 43 and OC of 
the Wayland series. 

The mean of the final stresses of all the Wayland cement blocks 
set in water is found to be 2,063 pounds on the square inch; while 
for the duplicate air blocks it is 1,912 pounds on the inch, a mean 
excess of strength in favor of the blocks set in water over those 
left in air of 8 per cent. For the Savior's Portland blocks the 
corresponding figures are: Water blocks, 1,578 pounds on the 
square inch; and for the air blocks 1,280 pounds. In this casie 
the mean excess of strength of the water blocks over those left in 
air is 22 per cent. i 

In considering these results, two other points should be 
remembered: 

(1.) That with one or two exceptions, which are confined to the 
natural cement blocks, the water and air blocks are exact dupli- 
cates (this is true of all the Portland cement blocks) both having 
been mdlded at the same time and from the same batch of concrete. 

(2.) That the air blocks are with one or two exceptions lighter 
than the water blocks, as will be observed by referring to column 
(16) of Table No. 2. 

In any work like the Genesee river storage dam, where, of 
necesisity, concrete masonry must remain for a long time in air 
before either coming in comtlact with or being suibanierged in water, 
obviously that cement is preferable which comes meanest to 
developing its possible maximum strength under the ordinary con- 
ditions of actual practice, whatever they may be, rather than 
under the special conditions of ia cairefully regulated eixperiimiential 
test. From this ploint of view the tests show the superiority of 
the Wayland cement over the Savior's Portland in a very marked 
degree, and while it is not considered that this point is absolutely 
established as between these two cements, still it is impotrtant 
enough, to justifv mentioning as dectidledly worth aittentioin in 
selecting a; cement fotf amy important work. On this point it may 
be also further remarked tlhat the basement in which the air 
blocks were stored, umtii taikein tihereifrom for shipment on Janu- 
ary 26, 1894, was an idleal place for such sitotrage. The tanks for 
hnmeirsion of the wiarter blocks were aitelo IddaitJedl thieireim and thJeir 



68 

large water surfaces, together with the leakagie, which kept the 
cemmt floor of the room nearly covered waith waiter) during the 
whole period, furnished such a moM air asi the conditions for 
development! of the greatest possible strength in aiir demand. 
This basement wajs maintained at a uniform temperature of 60 
degrees R during the whole period of storage therein. The 
car in which the blocks were shipped was also fitted with a stove 
and the temperature maintained as nearly as possible at 60 
decrees F., until the blocks were finally taken to the testing 
room foir breaking. The length of time the waiter blocks were 
out of the water and in air of a temperature of about 60 degrees 
P. in the oar, may be seen in detail by reference to 
columns (12) and (14) of Table No. 2. 

The means of 2063 and 1912 for water and air for the Wayland 
coneineffeB, and of 1578 and 1280 for the Saylonta Portland, as given 
in Table No. 5, also indicate a superioirtiitjy of the Wayland over 
the Baylor's. On this point it may be observed that wMle the 
Wayland blocks, asi whole, do show eomewhait higher than 
the Baylors, atill a final conclusion could only be drawn properly 
from a compardlsoin of the same number of blocks of the same 
composdtiilon. In this view Table No. 5 makes a more favorable 
shewing than it otherwise would for the Wayland blocks. The 
relialtive ages may also be taken infto account in any final decision. 
It may be pointed out, however, that the indication of the con- 
ciflete tests is, in this particular, in accord with that of the tensile 
tests as shown in Table No. 1. 

The fractures developed by these blocks in breaking were for 
the strong ones, in accordance with the observational of other 
experimenters, pyramidal in form. As no special practical result 
is deduicible from the observations made on this pointy the subject 
is mot pursued amy further than to call attention to plates I and 
II, ilnstirajtiiig a few of the typical forms which were photo- 
graphed at the time of the teslta On plate II, however, for 
block 39, read 79* 

In regard to the pressures producing first crack and final stress, 
as given in Table No. 2, it may be stated that the frictibn of the 
testing majchime has been allowed for in the reductions; the 



TABLE No. 5. 
Relative strength of concrete blocks set in water and in air. 
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quamrtftties under these beads, ftihenefora, represent the actual 
pressure, as nearly as they cam be obtained from the Phoenix 
Oamjpany's machine. 

An experiment was made in a very rough way as to whether 
these concretes would stand winter weather when freshly madfe. 
For this purpose the surplus quantities) of eajdh mixi n g were made 
into a series of cuibes of three feet, thiese cubes being built 
up in thin layers, well rammed, from day to day, as the tests 
went on. Plate III is from a photograph showing the appearamce 
of these blocks March 17, 1894. Block No. 1 was composed of 
Wayland cement for the first foot at the bottom, with the balance 
natural. No. 2 was about the same, except there was a layer of 
Portland cement concrete about one inch thick at the top. Block 
No. 3 was natural cement concrete, except a layer of Portland 
cement concrete six inches thick, about eight inches from the top. 
No. 4 was composed entirely of Portland concrete, except a layer 
of natural cement concrete about six inches thick and about six 
inches from the top. 

In Block No. 3 the layer of Portland concrete appears thoroughly 
indurated and, so far as can be observed, entirely uninjured by 
frost. 

In Block No. 4 the Portland cement concrete is uninjured, while 
the layer of natural cement near the top has crumbled the same 
as in the other blocks. 

The boxing was allowed to stand around all these blocks until 
after the completion of the tests in December. They were, there- 
fore, protected from the action of storms at the sides until after 
thorough setting had taken place. The air temperatures during 
the days when these blocks were in process of making are shown 
in column (3) of Table No. 2. The nights were, of course, much 
colder. 

The test by exposure to freezing indicates one point wherein the 
Portland cements as a class are superior to the natural, namely, 
they ma}' be laid in moderately cold weather and, provided as 
small an amount of water as possible is used, no ill-effect will be 
observed. The water is the destaictive agent in freezing weaither, 
and by reducing it to a minimum there will remain, after chemical 
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combination, little or none to disrupt This practice, too, will be 
of advantage by adding to the strength, of the mixture, as it is now 
well understood that an access of strength of the concrete follows 
a iraducltioo of the aamoninrt; of water msed in mixing; for the 
greatest strength the smallest possible quantity of water should 
be used. For very great strength the quantity of water may be 
st< far reduced as to cause the mortar to resemble damp earth. 
When such mortar is added to broken stone, which have first been 
well wetted and allowed to drain, the water may by thorough 
ramming be still flushed to the surface in a very thin film. . 

In freezing weather, therefore, the practice which prevents 
injury to the work will also be the proper practice for developing 
the greatest possible strength. y 

It has been a common pirajetice toiaxM salt tb the water used in 
mixing in freezing wealthier ini the pnopioirtionsof about one per cent 
of saturation for each degree below the freezing point The 
weight of evidence is that foa' well proportioned Portland cement 
this practice is entirely wrong — much better resiults will be 
obtained by the practice indicated in the foregoing. 

We come, now, to the final point of the study, namely, to answer 
the questions proposed at the beginning as to the adaptability of 
the various materials tested for use in concrete in the construc- 
tion of the proposed Genesee storage dam. The formal answers 
are as follows: 

(1.) As regards the Genesee shales, they are not suitable for the 
main dam, or any portion of it which will be subjected to severe 
strains. At present there appears to be no reason why they can 
not be used for filling cross-trenches and for sheeting the sides and 
bottom, where the only object to be attained is the making of 
impermeable work. 

Inasmuch as there is a considerable quantity of such work esti- 
mated, their use, even when restricted to this one feature, will be 
the source of an economy of from $40,000 to #50,000. 

(2) As regards the Ridge, Portage and Nunda stones, the tests 
show thaifc ail of them aire suitable for the aggregate of high-grade 
concrete. There is no good reason why the proposed storage dam 
can not be mostly constructed of a concrete fabricated from some 
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one of these stones. In connection with rubble masonry, their 
use for such purpose will be the source of an economy of about 
$300,000. 

(3.) As regards the natural cements the tests show that none 
of them are suitable for a work of this character. Their general 
unreliability would of itself condemn them for use in a dam 130 
feet in hei'ght On this point reference may be made to Table 
No. 2, where it will be seen that out of a total number of natural 
ctment test blocks of 78, nearly one-third of the whole, or 25, 
failed to give any result whatever. 

Block F, as shown in column (22) of Table No. 2, wa& acci- 
denlkUydesttoyedinitiheteist^ included in itihe 

number as failing fto give any record. This statement is intended to 
imdlujde otaly ttasie which w«re found /to be cracked or wihiich 
crumbled or were easily broken with light blows of the hammer 
when taken from thfc wartm Moreover, it is signincamt ithja/t wilth one 
exception the failures of the natural cement blocks were all among 
the water blocks. 

If we examine the detailed record of the Portland cement blocks 
as given in Table No. 2, we find that out of a total number of 96 
made, not one failed to give a useful result in the tests. This fact 
alone establishes beyond all question the great superiority of the 
Portland cements over the natural for any work requiring a reliable 
material under any and all circumstances. 

In reference to thesie two classes of cemienit itt may be sitaited 
that every attempt was made to get the best results in these tests 
which the several materials were capable of yielding, and while 
the proportion of failures among the natural cements appears 
unduly large, still an examination of the records, for two or three 
years back, in the State testing office, easily convinces one that 
tihiese results are on the whole not specially exceptional. In mak- 
ing this statement it is not intended to assert that about one-third 
of all the tensile tests of natural cements are failures, although 
tb$ tests of the same cement frequently shows such great varia- 
tions from different samples as to easily lead to a positive conclu- 
sion as to their extreme unreliability. In addition the records 
show a considerable proportion of absolute failures. 
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In the present case it may be concluded, too, that the water 
bath was a severe test for concrete blocks made from the natural 
cements. 

The conclusion m, then, that the two American. Portland 
cements tested are suitable for the work in hand. Their relative 
values have been discussed to some extent throughout the report. 

(4.) The detailed tensile tests of Table No. 1 show that the Mt. 
Morris sand is of a quality suitable for an important work of this 
magnitude. 

In using concrete on a large scale, as in a work of this char- 
acter, mechanical mixing will preferably be used, not only on the 
score of economy of labor, but. on account of yielding more 
thorough results. As we have seen, it is important that the 
mixing proceed according to a definite formula, in order that such 
results may be secured. The necessary plant for this purpose 
would properly include: 

(1) A seniles of bins for storing cement, sand and broken stone 
together with, a tank for storing water, from all of which the 
proper quantities of each may be fed to the mixing machine by 
anrangexnenits under the control of one parson. 

(2) A mixing marihtime which admits of (a) the dtry mixing of the 
cement fcund sand in the proper proportions; (b) the thorough 
mixing of the cement mortar, after the addition of the water; and 
(c) the separate mixing of the mortar with the aggnega/be. 

(3) Mechanical ajrrangjeaneftits for immediately carrying the 
concrete in quantity from the mixing machine to its final place 
in the work. 

The delivery of all the inaterial to be used in construction at the 
top of the high bank, in the manner proposed in the preliminary 
report would render feasible artnangements embodying these con- 
ditions ait a Tni-niTninTn of expense. 

As a final point in the comiaretie study it may be stated that 
atfter reviewing the whole suibject in its various phases the present 
writer has arrived at the conclusion, that, in order to provide for 
expansion and contriaiction in the direction of the length, the 
work should be built in large blocks placed far enough apart to 
admit of putting up and taking down the boxing; the spaces 
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between, to be filled laifer on wittb. concrete thoroughly rammed. 
The large blocks may be set to break joints both. vertically and 
horizontally, thereby avoiding horizontal joints across the Whole 
width of the wall. 

Concluding the subject of concrete study, it may be stated tlhait 
tihe tests* as aj whole, while giving many valuable results!, aire 
hardly qb complete as could be desired. They lack somewhat in 
symimetiry, due not only to the large number of points requiring 
iuveettigaftion, but to the small amount of money as well as time at 
my disposal for this part of the work. In making them as they 
stand, it was assumed, thart in case the ptfoject was caorted out, 
and it was concluded to use concrete for the main* portion of the 
work, ajn opportuidty for studying any questions reqiuiiring further 
conaMeaiation would be afforded. It is, therefore^ suggested, in 
case this work goes on, that additional studies in reference! i(X> the 
economical limit of the quanrtiiltff of mjotrtar in relation to the voids 
in the aggregate be miadle. 

For such final studies it seems unnecessary to go outside of 
the Portland cements. So far as can be foreseen, the cost of the 
destimajble additional studies would be small. The present tests 
have not cost to exceed about $1,500. 

Some of the more initetresttting results of the tests are shown 
graphically in Plates IV and V, which ajfle self-explanatory. 

A few compression tests have also been made of the Pennsyl- 
vania sandstone and of blockk from Ridge, Portage and Nunda 
quarries. The results are given in Table No. 6. Blocks Nob. 1 
to 5, of the Pennsylvania sandstone, were all broken with pres- 
sure at right angles to the beds, except No. 2, on which the pres- 
sure was applied parallel to the natural beds. Blocks 3 and 4 
were dressed on the beds and left rock face at the sides, which 
accounts not only for the excessive weight of these two blocks, 
but, probably, for the large final stress. The Pennsylvania sand- 
stone are rather coarse grained. 

Block No. 6> a nine-inch cube from the Ridge quarry, actually 
weighed 70.25 pounds, which gives a calculated weight per cubic 
foot of 166.5 pounds. The final stress on this block was 8,286 
10 



pounds on the square inch. The important points of the Portage 
and Nunda blocks are sufficiently shown by the tabulation. 

We may now take up the detail of the water pressure tests^ of 
which a general description has been given in the preliminary 
report. The following condensations from the daily journal of 
these tetfte will se«rve to illustrate the methods and results 
obtained: 

September 21, 1893.— Finished first drill hole, XX3, to depth 
of 42 feet in rock, or to 67.9 feet from top of casing (elevation of 
bottom of drill hole, 524.7). At depth of 7 feet in the rock (elec- 
tion 561.7) the wash water disappeared — that is, stopped return- 
ing to the surface through the casing, asi it should, so long as 
eveayrtMng below is watertight. The inference is that there are 
seams through which the water runs away, although it may pos- 
sibly escape under the shoe at the top of the rock. The appear- 
ance of the drill rods, however, was such as to indicate the pres- 
ence of strong sulphur water. After removing drill the water 
was found standing in casing at 12 feet below surface (stood at 
elevation of 580.6) and could not be made to stand permanently 
higher, even when forced down in quantities under pressure from 
pump. A common suction pump was set 25 feet down (at elevation 
of 567.9). On pumping at rate of 5 to 6 gallons per minute, water 
in hole soon fell several feet. After about 15 minutes the water 
pumped showed strong with sulphur, and wasi also deeply dis^ 
colored with the drill cuttings. This apparently indicated molt 
only the presence of seams containing sulphur water, but that 
the escape of the wash water, referred to in the foregoing as tak- 
ing place while drilling, had been into seams from which when 
the action, was reversed, the cuttings were easily brought back. 

September 26. — In afternoon set seed bag two feet long in 
drill hole XX3. (Lower end of bag art elevation 564.6. Top of 
rock, 568.7.) 

Wednesday, September 27. — Connected pump with one-inch pipe 
leading down through seed bag and ran. at full capacity with 60 
pounds of steam. Water pressure at surface of ground, as indi- 
cated by gage, 20 pounds. Water at this pressure was forced 
below seed bag for an hour, apparently without effect. The con- 
clusion is that at some point below elevation 564.6 the rock is 
open enough to allow water to run. away. 

September 30. — Made further tests of drill hole XX3. Seed 
bag had been set to 40 feet below top of casing (at elevation of 
552.6, or 16.1 feet below top of rock). Pressure as indicated by 
gage at surface of ground, 32 feet from top of casing, 22 pounds. 
Total lenglth, of one-inch pipe beyond pressure gage, 76 feet 
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Under these condition* hole took full capacity of pump with. 60 
pounds steam pressure for one-half hour without showing any 
increased pressure. 

October 6.— Tested drill hole ZZ3. Seed bag, 35 feet down (at 
elevation of 554.0). Pressure gage at surface of ground showed 
5 pounds pressure. Seed bag leaked and test was in consequence 
without definite results. 

October 7. — Again tested ZZ3, with same results as on pre- 
vious day. Thereupon pulled out old seed bag and set new one. 

October 9.— Again tested ZZ3. Found seed bag tighlt. With 
60 pounds steam pressure and full capacity of pump, gage showed 
20 pounds. When pump was first started water rose in casing to 
surface of ground and overflowed, but quickly dropped back 
sereral feet There seems to be no doubt but that seed bag was 
tight this time and that, therefore, the water must have come up 
through crevices in the rock around the seed bag. 

The preceding tests having shown that the seed bag was too 
cumbersome for this work, a rubber packer was procured and the 
balance of the tests made with its assistance. This was so 
arranged, with stand pipe leading to bottom of hole^ as to 
instantly pack tight omi the application of pressiume ajtl the suirface 
of the ground. By its use definite results were obtained, as 
described in the preliminary report, which would have been impos- 
sible of attainment with the seed bag. 

October 17. — Tested drill hole YY4, using rubber packer, which 
was set 50 feet from top of casing (at elevation of 539.5). On 
first starting pump gage showed 60 to 70 pounds; pressure gradu- 
ally rose to 110 pounds. At this latter pressure the hole took all 
the water the pump could deliver. 

Before sitaiPting pump, put in hole six ounces of amtiline red and 
eleven ounces of permanganate of potash. Staittiioined men on 
river in boats but could find no trace of this color. 

After pumping for an hour with packer at elevation 539.5, dis- 
connected and found that water ran slowly from top of pipe about 
5 feet above surface of ground (elevation 591.0), thereby showing 
that a small head had been gained at the sides. 

Packer was then raised to an elevation of 559.5 (top of roick at 
565.2), a pound of aniline red added and pump again connected. 
With pump at full capacity, pressure gtajge now showed only 20 
pounds pressure, and no more could be gained however rapidly 
pump was run. The clear inference is that between elevations 
539.5 and 559.5 there aire seams or fissures which allow water to 
flow out of drill hole when under about 20 pounds pressure. 
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No trace of the coloring matter could be found along the, river 
in either case. ^ 

Judging from the indications of the water pressure tests, as 
well as from the condition of the core, the first 10 to 15 feet of 
rook at Dam Site No. 2, especially on the east side, is somewhat 
seamy and broken! up (see the cores in verification of this view). 

October 19. — Tested drill holes ZZ1. Packer was first set 19 
feet above bottom (elevation of 532.5). stalled pump at 100 pounds 
pressure. Raised packer gradually, packing it a/t every few feet 
by setting pressure above against pressure of water from bqlow. 
In this way the hole was tested for its entire length and found to 
standi as stated, 100 pounds at the bottom, and from 40 to 50 
pounds in the upper pairt. Best results im the upper section of 
any ye* tested. 

October 31. — Tested horizontal hole at foot of Hogback. Set 
packer 87 feet in., or eight feet from end- On starting pump, gage 
showed 100 pounds and gradually rose to 140 pounds. Released 
packer and stopped every 10 feet unto! 54.5 feet from bottom was 
reached. At this poinlt gage dropped to 100 pounds, but in ome- 
half 'hour again advanced to 140 pounds, and finally in 15 minutps 
more to 150 pounds, where it remained for one-half hour anl then 
dropped to 60 pounds, steaim remaining the same. Ini an hour 
and forty-five minulties pressure showed 40 pounds. At this point 
water dirippedi ftrram the side of the Hogback for somie distance to 
the south. 

November 2. — Repeated this test with packer 55 feet froon 
bottom of hole, and with four quarts of wheat bran below packer. 
Pumped with 100 pounds pressure for two hours without effect. 

November 2.— Tested hole 23 + 42 W. 250, at Hog- 
back Ideation. Hole 84 feet deep, 14 feet to rock (elevation of 
bottom, 503.4; top of rock 571.4). Set packer 8.5 feet frottni bottom. 
Gage showed 165 pounds. Raised packer to elevation 524.4 and 
pressure dropped to 80 pounds. Disconnected amid put in four 
quarts of bran, whereupon pressure rose to 170 pounds. Raised 
packer to elevation* 534.0 and still maintained same pressure. At 
elevation 536.0 pressure dropped to 100 pounds and remained at 
that point e?ven aifter the addition of 5 quarts of brewn. Pressure 
finally fell to 60 pounds and remained there for three and ome- 
half hoiuirs. While pumping this hole water mm from casing art; 
23 + 42 W. 350. 

Also put two pounds of permanganate of portiash in hole, no 
trace* of which could be discovered along the river. 

November 4.— Tested 23+42 W. 350 at Hogback 
looatkm. Set packerc 10 feet from bottom (eievaition of 
518.0), got 40 pounds pressure on gaga Added 
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4 quarto of bran without effect, on the pressure. 
In two and one-half hours the pressure gradually rose 
to 65 pounds. Coloring matter was added, and showed in waiter 
flowing from casing at hole 23+42 W. 250. On stopping 
pump it was found that water pumped into hole hiad acquired a 
back pressure of 20 pounds. On disconnecting, waiter nan from 
pipe for one hour and forty-nine minutes. This outflowing water 
showed coloring matter for fifteen minutes. 

This test indicates not only a connection between holes 23j + 
42 W. 250, and this one under the river bed, and inde- 
pendent of it; but also shows backing up, probaibly in vertical 
seams, ait the sides of ijbe gorge. A number of other tests at this 
site glaive the same result. 

November 24.^- Tested B. 40 + 70 W. 750 at Dam 
Site No. 1. Set packer 6 feet from bottom. Pressure rose to 
180 poundls, pump stalled. Raised packer 10 feet, or to 16 feet 
from bottom, when pressure at first rose to 170 pounds, but in a 
few minutes fell to 120 pounds, where it remained for ton minutes, 
and finally fell to 100 pounds. Uncoupled and added bran^ when 
pressure pose from 100 to 120 pounds. Raised packer to 26 feet 
from bottom atnd gage showed 40 pounda Again added bran 
and gage rose to 50 pounds. With packer at this elevation gas 
issued from casing at hole B. 40 -f 70 W. 850. Upon 
raising packer 2 feet more, larger quantities of gas flowed from 
thlait hole. The packer was naased and lowered several timesi, with 
like results, showing a connection between the two hoilesi at about 
elevation of 548.0. 

The foregoing aire the details of a number of the pressure testa 
The general deductions from these various tests have been so 
fully given in the preliminary report as to make further discus 
sion of them unnecessary here. 

In regard to the estimates of cost of which the footings aire 
submitted in the preliminary report, it may be stated 'that, on 
revision^ it appears the footings for all the rubble masonry dams 
estimated for Sites 1 and 2 could be reduced somewhat, but the 
estimate for an eairth dam at the Hoglback would, perhaps, need 
to be increased. The neteults of the concrete tests, as already 
exhibited, are, however, so is&tMaotory, and lead, wiith other 
modifications of plan, to such material reduction® of cost as to 
readier further' consideration of either an earth dam at the Hog- 
back location, or of rubble masonry dams at Siteis 1 and 2 unneces- 
sary. The proposed use of concrete awwittrajoti^ themeftflie, 
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narrows the choice to Elites 1 and 2, where the question of cost 
may properly be made, to some extent, subordinate to that of 
absolute safety and durability. 

The following are the detailed estimates for a sorites of dame ait 
these two sites to be built either wholly, or meanly wholly, of con- 
crete, or with rubMe masonry faces and comcrelte canes as the 
case may be. As will be noted, on inspection, these estimlaites 
provide for clearing the timber tan the whole ipeservodir and for 
the construction of the necessary transportation line. 

Estimated Cost of Concrete Dam at Site JVo. 1, 130 Feet in Height. 
Two thousand six hundred and twenty acres of land, 

at $30 per acre . : . . $78,600 

Nine hundred acres of detaining* at $20 18,000 

Three acres of clearing and grubbing, ait $100 300 

Changing bridge and highway at St. Helena 7,500 

Bailing and dteaning whole work 75,000 

Gijouting i(n foundjartion \30^000 

One hundired thousand cubic yards foundation exca- 
vation (eJairth), at 30 cents 30,000 

Sixty-six thousand cubic yards foundation, excava- 
tion (rock), at $1 *. . . . 66,000 

Fifteen thousland cubic yards, granite masonry, 

at $20 300^000 

Eighty thousand cubic yards concrete, at $5.50 . . 440,000 
One hundred and ninety thousand cubic yards con- 
crete, at $4 760,000 

Thirty thousand cubic yatrds concrete, at. $3 90,000 

Seven thousand cubic yards rubble masonry, at $7. . 49,000 

Six hundred and fifty cubic yards coping, at $40 26,000 

One thousand three hundired and fifty cubic yards 

coping, at $20 27,000 

One thousand cubic yards clay puddle, at $1 10,000 

Three thousand five hundred cubic yar*te riprap 

(lar(ge stone), at $4 14^000 

Gaitehhoajsie building 20,000 
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Gates and operating machinery $40,000 

Tranflpiottitertion line 50,000 

Add for oon/tingienioies and supetinitendieaiice. . 1 . . . 318,660 

i _ 

Amount $2,450,000 

With sandstone faces throughout, except for the spillway, where 

granite is provided, and^ concrete core, the estimated cost of thi; 
dam would be $2,590,000. 

Estimated Cost of Concrete atDpm Site No. 1, Built to Height of 58 

Feet, but /Susceptible of Extension to 130 Feet 
One thousand six hundred and twenty acre® of land, 

at $30 $48,600 

Five hundred acres of clearing, at $20 10,000 

Three acres of clearing and grubbing, at $100 300 

I>ailing and draining whole work 75,000 

Grouting in foundation ... . 30,000 

Ninety/ive thousand cubic yards foundation excava- 
tion (earth), at 30 cents 28,500 

Fifty-nine thousand cubic yards foundation excava- 
tion (rock), at $i 59,000 

Nine thousand cubic yards granite masonry, at $20 . . 180,000 
Forty-eight thousand cubic yards concrete, at $5.50. . 264,000 
One hundred and forty thousand cubic yards con- 
crete, at $4 560,000 

Twenty-five thousand cubic yards concrete, at $3 75,000 

Seven hundred cubic yards coping, at $20 14,000 

Ten thousand cubic yards clay puddle, at $1 10,000 

Three thousand five hundred cubic yards riprap, 

at $4 14,000 

Temporary gate-house building 8,000 

Gates and operating machinery 35,000 

Three hundred thousand feet B. M. of oak timber in 

work, at $35 10,500 

Transportation line 50^000 

Add for contingencies -and superintendence 228,100 

Amount $1,700,000 
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With sandstone faces throughout, except for the spillway, where 
granite is provided, and concrete core, the estimated cost of this 
dam would be $1,780,000. 

Estimated Cost of Completing a Concrete Dam at Site No. 1, Built 
Originally to Height of 58 Feet, but Susceptible of Extension to 
130 Feet ; Cost of Completing Between 58 Feet md 130 Feet. 

One thousand acres of land, at $30 $30,000 

Four hundred acres of clearing, at $20 8,000 

Changing bridge and highway at St. Helena 7,500 

Fire thousand cubic yards foundation excavation 

» (earth), at 30 cents 1,500 

Seven thousand cubic yards foundation excavation 

(rock), at $1 7,000 

Six thousand cubic yards granite masonry, at $20 . . 120,000 

Thirty-two thousand cubic yards concrete, at $5.50. . 176,000 

Fifty thousand .cubic yards concrete, at $4 200,000 

Five thousand cubic yards concrete, at $3 15,000 

Seven thousand cubic yards rubble masonry, at $7 . . 49,000 

Six hundred and fifty cubic yards coping, at $40 26,000 

Six hundred and fifty cubic yards coping, at $20 13,000 

Permanent gate-house building 20,000 

Additions to machinery 10,000 

Contingencies and superintendence 117,000 

Amount $800,000 



With sandstone faces throughout, except for the spillway, where 
granite is provided, and concrete core, the estimated cost of this 
dam would be $860,000. 

Estimated Cost of Dam at Site No. 1, 100 Feet in Height. 

Two thousand two hundlred and fifty acres of land, 

at $30 $67,500 

Seven hundred acres of clearing, at $20 14,000 

Thr£e acres otf clearing and gruibMng, at $100 300 

Bailing and draining whole wKxrk 65,000 

Grouting in fouindlaitioin 25,000 
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Ninety-six thousand cubic yards foundation excava- 

tion (earth), at 30 cents $28,800 

Fifty thousand cubic yajcds foundation excavation 

(rock), at $1 50,000 

Ten thousand cubdc yards gflamjife maaoniry, ait $20. . 200,000 

Forty thousand cubic yards concrete, at $ 5.50 220,000 

One huudtned and tern thousand cubic yards concttette, 

at $4 440,000 

Twenty-five thousand cubic yards concrete, alt $3 . . 75,000 

Five thousand auibic yards rubble masomiry, a* $7 . . 35,000 

Five hundred and ninety culbic yarda coping, aft $ 40, 23,600 

Six hundred and fifty yards coping, at $20 1j3,00Q 

Seven thousand cubcta yards day puddle, at $1 7,000 

Three thousand cubito yards riprap, at $4 % . 12,000 

Gate-house building 15,000 

Gates and operating machinery 30,000 

Transportation line 50,000 

Contingencies and superintendence 208,800 



Amount $1,580,000 



With sandstone faces throughout, except for fthe spMlwiay, where 
granite is provided, and concrete core, the estknaitled cost of this 
dam would be $ 1,650,000. 

Estimated Cost of Concrete Dam at Site No, 1, ft8 Feet in Height 

One thousand five hundred acres of land, at $30. . . $45,000 

Five hundred acres of clearing, at $20 10,000 

Bailing and dmaininig whJoie work 55,000 

Grouping in foundlaitioni 20,000 

Thirty -seven thousand cubic yards foundation exca- 
vation (earlth), at 30 cents 11,100 

Forty -eight thousand cubic yairds foundation exca- 
vation (rack), at $1 48,000 

Six thousand cubic yards granite maaomry, at $20 . . 120,000 

Sixteen thousand cubic yards concrete, at $5.50 80,000 

Forty-seven thousand cubic yards concrete, at $4 . . 188,000 
11 
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Eighteen thousand cubic yards concrete, at $3 .... $54,000 

Throe thousand cubic yards rubble nuaisoniry, ait $7. . 21,000 

Two hundred and fifty cubic yards coping, at $40. . 10,000 

Four 'hundred cubic yards coping, at $20 8,000 

Six thoueiand cubic yards day puddle, at $1 . 6,000 

Three thousand cubic yardfc riprap, ait $4 12,000 

Gate-house building t 12,000 

Gates and opera/ting machinery 25,000 

Transportation lime 50,000 

Add for contingencies and superintendence 124,900 

Amount $900*000 



With sandstone faces throughout, except for the spillway, where 
granite is piwidJed, and concrete core, the estknaftled cost of this 
d4m would be $930,000. 



Estimated Cost of Dam at Site No. 2, 130 Feet in Height 

Two thousand four hundred! acres of landi, ait $30 
per acre 

Eight hundred and fifty acnes of charing, at $20. . 

Ten acres of clearing and grabbling, a* $100 

Changing baidge and highway ait St Helena 

Bailing and draining whole woirk 

Grouting in foundations 

Sevemjty-five thousand cubic yamcte foundlatSou exca- 
vation (earth), at 30 cemtte 

Forty-five thousand cubic yards foundation excava- 
tion (rock), at $1 

One hundred and fifty thoiusianid cubic yamdis eiajnth 
exoafvation in spillway, at IS cents 

Four hundred and twenty-five thousand cuibic yards 
rock exoavajtion in ispdllway, alt 70 cents 

Two thouisland cubic yardls granite niJasonry, at $20. . 

Seventy thousand cubic yards conjcrertjei, at $5.50. . 

Two hundred and twenty thoueland cuMic yards con- 

oreltei, ajti $4 ..,.' 1880^ 



$72,000 

17,000 

1,000 

7,500 

50,000 

40,000 

22,500 

45,000 



27,000 



297,500 

40^000 

385,000 
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Forty thousand cubic yards concrete, at' $8 $120^000 

Seven <tihousand cubic yards nibble masomiry, afc $7. . 49,000 

Two rtihkyaistaxid cubic yairds coping, at $20 4=0,000 

Ten thousand cubic yards <*ay puddle^ at $1 ,. . 10,000 

G&ite-hlouse building 20,000 

Oates and operating machiiniery 40,000 

Trtanspoirt^^ line 45,000 

OoaiMngencies and sfuperinitendetoce . . . : 191,500 

Amount $2,400,000 

Add water cushion wall .. .. 200,000 



$2,600,000 



With, sandstone faces thamighout, and including water cushion 
wall, cotncaiete core and independent spillway, the eletiniated cost 
of itihiis dlaim would be $ 2,720,006. 

Estimated Cost of Dam at Site JVo. 2, Built to Height of 58 Feet, 
but Susceptible of Extension to 130 Feet. 

One thousand four hundred acres of land, at $30. . $42,000 

Fomp hundred and sixty acres of Rearing, ait $30 . . 9,200 

Thiree aicres of clearing and grubbing, ait $100 300 

Bailing and draining whole work 50,000 

GrrouitSng in foundation 40,000 

Seventy thousand cubic yard® foundation excavation 

(earth), at 30 cents , 21,000 

Thirty-eight thousand cubic yamdisi of foundation 

excavating (rock), at $1 ... , 38,000 

Two thousand cubic yards granite miasoinry, at $20. . 40,000 

Foaity-five thousand cubic yards concrete, at $5.50 . . 247,500 
One (hundred and thirty-tihree thousand cubic yandsi 

concrete, at $4 532,000 

Twenty thousand cubic yards concrete, at $3 60,000 

Ten thousand cubic yards clay puddle, at $1 10,000 

Two hundred and forty thousand feet B. M. of oak 

timber in work> at $35 : 8,400 
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Tewptrnfy gatehouse bunMing $8,000 

Gates and operating nmchiniery 35,000 

Transipoirtiatdon line » 45,000 

Contingencies and superintendence 173,600 

Amount $1,360,000 

Add waiter-cfUBhjiioin wall 200,000 

'$1,560,000 

WMh sandstone fences ittatoghiouiti, amd with, aomarete coire, and 
including wiater-cnslhion wall, the estSimated cosib of this dlam 
wiouM be $1,640,000. 

Estimated Cost of Completing a Dam at Site No. 2, Built Origi- 
nally to Height of 58 Feet, hut Susceptible of Extension to Height 
of 130 Feet ; Cost of Completing Between 58 Feet and 130 Feet 

One thousand acres of land, at $30 $30,000 

Four hundred acres of clearing, at $20 8,000 

Changing highway at St. Helena > 7,500 

live thousand cubic yards foundation excavation 

(earth), at 30 cents 1,500 

Seven thousand cubic yards foundation excavation 

(rock), at $1 7,000 

Thirty thousand cubic yards concrete, at $5.50 165,000 

Seventy-two thousand cnbic yards concrete, at $4 ... 288,000 

Twenty thousand cubic yards concrete, at $3 60,000 

One hundred and fifty thousand cubic yards earth 

excavation in spillway, at 18 cents 27,000 

Four hundred and twenty-five thousand cubic yards 

rook excavation in spdlwiay, at 70 centos . . 297,500 

Permanent gate-house building 20,000 

Additions to machinery 10,000 

Contingencies and superintendence 178,500 

Amount $1,100,000 

With sandstone faces throughout, and with concrete core and 
independent spillway, the estimated cost of this dam would be 
$1,150,000. 



Estimated Coat of Concrete Dam. at Site No. 2 3 58 feet in Height 

One thousand four hundred acres of land, at $30 $42,000 

Four hundred and sixty acres of clearing, at $20 9,200 

Bailing and draining whole work 50,000 

Grouting in foundation 25,000 

Forty-two thousand cubic yards foundation, excava- 
tion (earth), at 30 cents 12,600 

Fifty-five thousand cubic yards foundation excava- 
tion (rock), at $1 55,000 

Six thousand cubic yards granite masonry, at $20 . . 120,000 

Seventeen thousand cubic yards concrete, at $5.50. . 93,500 

Fifty-three thousand cubic yards concrete, at $4 .... 212,000 

Eighteen thousand cubic yards concrete, at $3 54,000 

Two hundred and fifty cubic yards coping, at $40 . . . 10,000 

Four hundred and eighty cubic yards coping, at $20 . . 9,600 

Six thousand cubic yards clay puddle, at $1 6,000 

Three (thousand cubic yaitfdis itiprap, ait $4 12,000 

Gate-house building ,. 12,000 

Gate and operating machinery 25,000 

Transportation line . 45,000 

Contingencies and superintendence 117,100 

Amount . : $910,000 



With sandstone faces throughout, except for the spillway, where 
granite is provided, and with concrete core, the estimated cost of 
this dam would be $940,000. 

In iretgard 1 toi the foregoing estimates it may be (remarked ttlhafc if 
instead of the girainfiltJe facing for spillway it ehauM. be deemed 
safe tjo use a 1 to 1 bertxxn, a still futftfajer riediuctiotn olf cost of 130 
foot dJatai ajt Silte No. 1 oif about $200,000 could be made, with 
propoirtionate reductions in cosit, of all the oltlhetr claims, far which, 
in tlhe eeittimaitee now sfubm/iltitted, granite-faced spillways! have 
been provided. 

An estimate for a 100-fotot dlam a|t| Site No. 1 has ailso been pire- 
pared as given Jn detail om page 80, GMnpajrisoini with the 
other estimates indicates that the cost of a dam of rt|his betight 
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at Site No. 2 would not differ greatly from the cost alt! Site No. 1. 
In either case it will be necessary in a daim of tMs heigjhlt, to 
provide for passing the flood flows over Hue frotmt, hemce the gen- 
eral form of section, applicable to Site No. 1 and given in the 
prefliminlary report w T Ould be used. 

In regard to tflxe stepping of the spillwlays, it may be stalled 
that further study indicates that for tihe large flood flows ttfo be 
provided for in the case under consideration, it iisi doubtful if tihe 
stepping, as sihown on tihe general sedttLans of dams, applicable to 
Sifte No. 1, axxxmipanying the preliminiary report would be of any 
particular advantage, and it is consequiently deiemed better, all 
things considered, to use smaller blocks of granite than were esti- 
mated in the prdiminary estimates, and set theqi with the beds 
at right angles to the cur^ve of the front of the dam, at the same 
time dispensing with an expensive system of doweling, which was 
included in the original estimates. These several modMoataioms 
of plan are considered sufficient to justify a reduction of the eslffi- 
mated price of the grianite miasontry from $30 per cubic yard to 
$20, a change which of itself reduces the estimated cost of <t|bis 
portion of the work about $175,000. . 

Again it may be pointed out that the success-of a work of ttttuis 
magnitude will depend upon the care and intelligence of the 
superintendence and all the suggestions and conclusions of this 
reporlt are presented on the supposition that every part of the 
work receives such superintendence. 

Moreover, it should be understood that while the esftimates here- 
with submitted are believed to be amply sufficient to fully coim- 
pletie the work in first-class manner throughout^ such result can 
only be attained in practice by the making of sucih administra- 
tive arrangements as will permit of the work going on continually 
from year to year with the same contracttor and 1 under the same 
general arrangements from beginning to end. It w 7 ould appear 
desirable therefo(re to so draw the eniabling act as to permit of the 
execultiion of a contract fotr the wfaoie work at the original let- 
ting, rather than to rely on new contracts after each annual appro- 
priation, as would be necessary undter existing lawsi So expen- 
sive a plant is required that a change of contractor from year tto 
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year, or even the possibility of •such a change, would tend to 
greatly increase the finial cost o(f tihe work. It would, of course, 
be possible for ftlhe State itiaedf to furnish the plant complete at 
the beginning, but this policy would be undesirable, as leading to 
vexatious questions in regard to maintenance amd renewals 
not only on general principles but because of the possibility of 
partial or complete derfjruction of any part of tihe plaint located 
in the river bed by floods. It will be better in every way to so 
arrange the contract as to permit of full assumption of all the 
respansi!bilitt|y for the necessary working plant by tlhe contractor. 
As am aliternative proportion, which would obviate this pairticular 
class of difficulties 1 , the work could be constructed by day's work 
by the State, but ttfais again would inevitiaibly lead to an excess of 
cost over what cam be attained by & well-devised contract-, prop- 
erly supervised 

The completion of a dam 130 feet high would require, as stated 
in the preliminary report, albout five years time. 

The time at my disposal has not permitted of any fmrtther con»- 
sideration of transportation questions than that given in the pre- 
liminary report. 

We come now to a discussion, of the rainfall of the Genestee 
valley in its relation to the ordinary and flood flow of the stream. 
As the basis of any such discussion, Table No. 7, wherein is 
embodied the monthly means derived from all the records' of rain* 
fall observations that can be obtained, has been compiled. An 
inspection of this table will show that the rainfall year has been 
taken as beginning in December. The reasons for this will appear 
fi-om the following general discussion, for which I am mostly 
indebted for the suggestion to an exceedingly valuable paper by 
Mr. C. O. Yermule, on Water Supply and Water Power, which 
appeared as a serial in the annual reports of the New Jersey 
Geological Survey for the years 1890, 1891, 1892. 

As the basis of a storage project, we need to know (1) the mini- 
mum flow of a stream and the mean period of its continuance from 
year to year; (2) the maximum rate of flow during floods; and (3) 
the proportion of the rainfall which runs off in a year of mini- 
mum flow, together with the distribution of the same. Provided 
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we have sufficiently extended rainfall records, in conjunction with 
synchronous gagings of the flow of a stream, all these elements 
are at once easily known. Or gagings of a stream alone will give 
(1) and (2). If, however, the rainfall records are sufficiently 
extended we may arrive at an approximate knowledge of the ele- 
naents of the problem by means of a comparative study of the rain- 
fall and the results of gagings on other streams where the condi- 
tions are known. 

The total ratofall upon a given drainage area is disposed of m 
the following ways: 

(1.) A portion is evaporated directly by the sun. 

(2.) Another portion is taken up by plant growth and largely 
transpired as vapor. 

(3.) A third portion, large in winter and spring, but very small 
in summer, flows off the surface directly into the stream, forming 
ordinary surface or flood flows. 

(4.) A final portion sinks into the ground, to replenish the great 
reservoir of ground water, from which plants are fed and stream 
flows maintained during periods when the rainfall is less, as it 
frequently is for months, than the combined demands of evapora- 
tion, plant growth and stream flow. 

In regard to direct evaporation, so far as water surfaces are 
concerned, we have tolerably complete information, as derived 
from the elaborate experiments of Mr. Fitzgerald, at Boston, and 
many others. In the case of the upper Genesee river, with only 
one small lake (Silver lake) the proportion of water surface to 
total surface is so small that evaporation from water surfaces may 
be neglected. The data for estimating evaporation from the 
ground and the amount of water taken by various crops are much 
less extensive than that for water surfaces. The following, from 
Risler, gives the best available information as to daily consump- 
tion of water by various crops and two classes of forest trees: 

Inches. 

Metajduw grass requires from 0.134 to 0.267 

Oate nequine from 0.140 to 0.193. 

Indan corn nequires ftfom O.llO.to 0.157 

Clover requires from 0.140 tx> 

Vineyards require from , 0.035 to 0.031 



,r 
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Inchep. 

Whta/i, requires from 0.106 to 0.110 

Rye requines from 0.091 to 

Oak trees require from 0.038 to 0.035 

Potatoes require from 0.038 to 0.055 

Fir tirees requite from 0.020 to 0.043 

Applying these figures and we learn that our ordiinairy farm 
arops may take up from twelve to fifteen indues of water over the 
wtole arela cmopped during the growing period. Forests, in the 
same way, may (take up, in their growing period), fromi April to 
Auguusft, inclusive, from, four to five inches, wlhile cleared areas 
which are uncultivated, probably take up from seven to eight 
indues. 

Rxnesftls then not only use leas water than cultivated areas but 
they further tend to increase the suimjmier flow of streams by hold- 
ing back th)e water in acxnimtilationBi of leaives and mosses until 
it cam be gradually absoirbed into the ground. Hence the impor- 
tance of*a lairge forest arela as a conservator of stream flow on any 
given wator Shed. A drainage area entirely covered with forest 
may yield nearly double the flow during the growing season that 
will be obtained from an area either entirely oir nearly entirely in 
cultivation. Independent of the drainage of swamps and low 
kndis generally, we derive from these figures ajddliitionai reasons 
w% rtdbue summer flow of our atraajmsi, now, is simiajQer than 
formerly. 

On cultivated areas the quality of the leading orop will f uHtfaer 
mjalterilally influence the min-off. TSras, an Uliniods/ prairie, where 
Indian corn may occupy 50 to >60 .per cent of the total area, will 
give ai'very different summer flow from one similarly siltuaited, 
where cmops demanding less modsture than Indian corn are raised. 

As regards the present timber a.rea of the uppe^t Genesee water- 
shed, it has prob&bly been reduced somewhat in the fourteen 
years since 1880. The figures of the 1890 census are, however, 
nortl yet available, and thosle of 1880, are, accordingly, used as the 
best at hand. Because of the probable reduction of forest area 
since 1880, we may properly increase somewhat our estimate of 
12 
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the present demands for vegetation* as has been done in the final 
figures following: 

Again, since grains, heavy grasses and Indian corn require so 
much larger amoointe of waters it is evident if wartiensheds were 
emitfoiely covered with tibjem?, that little water would be left for 
stream flotw during the growing season. 

In order to show the silgnMoainioe of (these sevetral demands for 
watteir during the growing season, the Mlowinig discussion is 
submitted. 

According to the United Stiates census otf 1880, Allegjany 
oounty, which is, as indicated by the watershed map accom- 
panying Mr. Bogartfs report of 1890, about three-quarters in th( 
Genesee river drainage area, has: 

Pquare miles. 

A total area of 952.4 

Total improved area 663 . 5 

Tililed aim 424.8 

Permanent meadows 238.7 

Total unimproved 288.9 

Woodland and forest 253.5 

Miscellaneous unimproved 35.4 



The total area of the Genesee drainage area above the 
ate of the proposed dam at Moumltl Monris is 1,060 square miles, 
and applying to this area the percentage of improved area, tiled 
area, permanent meadows, etc., as they existed in Allegany 
county in 1880, we have for the etnltffire watershed: 

Square mile*. 

A tiottial area, as already stated, of \ 1,060.0 

Total improved area *738.4 

Tilled area :... 472.8 

Penmamenit mjeadows 265.6 

Total umimproved 321 . 6 

Woodland and forest 282.2 

Miscellaneous unimproved 39 .4 



Prom what has preceded we derive the following estimate of 
average amount of water taken up by orlops, eta, in the upper 





Water required in the growing 
season. 
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Genesee river drainage area during the growing setasomi from June 
to August, inclusive. 



Tilled area 

Permanent meadows 

Woodland and forest 

Miscellaneous unimproved 

Totals 



Adding something to the total of 9.82 inches fotr tfihie extra, 
evtapomttkm f mm cnop amusi, for decrease of tikntoetf airea 
since 1880, and for other small losstes, and we find 
thiait in tihie upper Genesiee river dirainage airea growing crops 
will require probably a;bout 11.0 inches olf waiter over the wiMe 
area dtuiring the growing season from June to Augujat, inclusive 

Referring to Table No. 7, we observe that the year has been 
divided into three periods, the first of whiieh, from December to 
May inclusive, may be called the storage period. During these 
months vegetation is mostly inert and evaporation at a minimum, 
and as the result of continuous gagings on. a number of streams, it 
is found that from 60 to 80 per cent of the rainfall runs off in the 
streams during this period. For the upper Genesee river it is 'con- 
sidered that 70 per cent of the rainfall will run off in this period 
in the year of minimum precipitation. 

With June begins the period of active growth, which continues 
through July and August Examining Table No. 7, we learn that 
the rainfall during the growing season will nofy generally speak- 
ing, be any in excess of the demands of water for vegetation. In 
thft years of minimum rainfall it may even be one or two inches 
less. Comparative gagings have shown that in the years when 
rainfall is about equal to the demands of vegetation, etc., the run- 
off of streams is nearly constant at one and one-half inches on the 
whole drainage area. This amount is supplied almost entirely 
from the ground water stored during the previous storage period. 



In (years when the rainfall is lees than these demands, the vegeta 
tion will draw to some extent on the ground water supply. 

In the case of the upper Genesee the estimates of demands for 
plant growth clearly show an excess over the rainfall for average 
years. Hence it will not be safe to estimate the run-off at more 
than one inch over the whole area in the year of minimum flow. 

September, October and November are the replenishing period. 
Nearly every demand for vegetation ceases by September first, 
while after October first the rapid fall in temperature tends to 
soon reduce evaporation to a very low quantity. The rainfall of 
this period goes largely to replenish the depleted ground water, 
and it is only after the ground water has reached its usual level 
that large runoffs occur; though on this point it may be remarked 
that the character of the rainfall, whether rapid or slow, will 
materially influence the quantity of the run-off in both the growing 
season and the replenishing period. Slow, drizzling rains in the 
growing season show absolutely no effect on the streams, while in 
the replenishing period, until after the ground water has reached 
its usual level, their effect is also very slight. A number of ele- 
gant illustrations of this general principle appear on the diagrams 
of flow of the Genesee river at Mt. Morris and Rochester, herewith, 
submitted, and which are so clearly defined thereon as to render 
extended description unnecessary. 

Applying the data derived from other gagings, and it is con- 
sidered unsafe to estimate the run-off of this period for the mini- 
mum year at more than nine-tenths of an inch. 

Referring to column 21 of Table No. 7, where the assumed safe 
amounts collectible! in the year of minimum rainfall are carried 
out, and we find that the total amount collectible from the upper 
G^enesee area, in the year of minimum rainfall, may be placed. at 
10.60 inches over the whole area 

Of all the rainfall records included in columns (1) to (18), 
inclusive, of Table No. 7, that at Rochester from 1829 to 1877, a 
period of about 45 years, is the longest. This record shows, in com- 
mon w*ith a number of the others, that the rainfall of the growing 
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and replenishing periods is a little over nine inches, and while the 
mean annual rainfall of the upper Genesee is about five inches 
greater than that of the lower, a study of the record shows 
that the excess is mostly in the storage period. At Roches-, 
ter, where the minimum annual rainfall is as low as 20 inches, it 
is douWtiful if anything like; 10.60 inches could be collected imi the 
minim/um* year. Probably 8.50 inches would be a safer estimate 
there. The long Rochester record, however, by <reason of aigtflee 
ing with tlhe records of tihe upper valley, for the growing and 
replenishing periloids, seenis to enforce the reasonableness of the 
conservative estimate of <run-o!ff for these two periods which has 
been made. 

It may be noted, however, that severe stxxrtms in thle growing 
and replenishing periods may, ait times, add something to the 
flow' of a sitteam over and aibbfve that furnished by the ground 
water. In ordleir to show the possible value of such accessions 
the greatest precipitiattiion in twenty-fouir hours in eaioh month, so 
far as available, has been included in Table No. 7. In the storage 
period*, when the ground is frozen and covered wilth snow and 
ice, this part of the record is also of value as indicating the pos- 
sible maximum flood of that period. This latter point will be 
tlouched upon further on. The effect of even severe ^tlotrms in the 
growing period is comparatively slight, especially after the gmund 
water has become depleted, as may be sufficiently ilhistiralted on 
reference to the diagrams. Bulti as soon as the ground water has 
reached its high level the effect of even slight storms is very 
marked. 

Without going further into the detail, as a summaftion of 'the 
whole matter, it may be stated that fthe minimum flow T otf the 
upper Genesee may be taken at 10.60 inches for the whole year, 
with 8.70 inches in the storage period from December to May, 
inclusive, and the balance in the months from June to November, 
inclusive. For reasons in detail, other than those already given, 
reference is made to Mr. Vermule/s discussion in the New Jersey 
geologijcal reports, as already stated. As to the total amounts 
realized from, the collection of different depths otver the drain- 
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age area, reference may be made to the tabulated statement 
ara*>mpamyimg Mr. Babble report of 1890. 

If we consfflder the Genesee river as a whole we fluid that very 
different conditions goveira. Between Rodhesltler amd Motunt Mor- 
ris and between Mount Morris amd Dansville, in tflxe broad valley 
of tible Ganesaraga creek there aire extensive flats, amounting 
for tihe whole to perhaps 80 square miles. The drainage areai at 
Rochester is 2,425 square mile® as against 1,060 square miles at 
Mount Morris. The portion of the drainage airea below Mbunt 
Morris also contains Homieoye, Gamadice, Hemlock and Oan«sus 
lakes, wihicih altogether provide a large volume of surface stor- 
age, wihile above Motunt Morris there aire few flats amd only one 
small lake (Silver lake). The gagimgs miade by Mir. Kibble in 1890, 
as well as tlhe gagings made since last August by the present 
writer, abundantly show that the upper sedtion has a rapid run- 
off and is subject to sudden and excessive flood flows. These 
flood flows are (received in the extensive flats below MoiintMotrris, 
where thley are partially retained and gradually delivered ito tlhe 
extreme lower river. On inspecting the diagram, showing the 
relation of stream flow at MOunit Montis amd Rochester to nain- 
fall and tiemperajture, it is seen that tlhe flood flows at Moumit 
Morris are inivaaiabiy as great as at Rodhiester, although the dry 
weather flow at Rochester is, proportionately to the drainage 
area* much greater thian at Mount Morris. The fla/ts tihen act to 
decrease the flood flow at Rochester and to iimeaise the dry 
weather flow there. At Mount Morris we may expect flood flowte 
of from 25,000 to 30,000 cubic feet per second nearly every 
year, while ait Rochester 30,000 cubic feet; per second 
is quite nare, even the great flood of 1865, probably did not 
materially exceed 35,000 cubic feet per siedond. About 30,000 
cubic feet at Rochester gives a full river, and amytihing much 
beyond that figure will produce a disastrous flood. The flats then 
act to decrease in a very marked degree the violence of the spring 
frefehet at Rochester. With the river in its natural state, and with 
the same character of drainage area throughout its whole course, 
that we And to exist above Mt Morris, what is now the chief busi- 
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ness portion of the city of Rochester would certainly be entirely 
submerged nearly every year. 

This immunity of the city of Rochester is, however, purchased at 
the expense of the 80 square miles of flats which annually act as 
a.u immense storage reservoir for the spring floods of the upper 
river. 

From an economic point of view one marked effect of the 
annual inundation is to largely prevent the use of these flats for 
any agricultural purpose other than grazing. If they can be cer- 
tainly relieved of the burden of that portion of the annual overflow 
which occurs in May, they will immediately become the most fer- 
tile agricultural lands in the State, and their value will be doubled- 
It is in line with the policy of all civilized govermmente to 
establish works for river conservancy wherever results are to be 
gained such as these, and' the precedent of isdmlilair wotrtasi by other 
governments is in view of the benefits to be derived by the com- 
monwealth, in the way of increased valuation of property, the 
strongest possible argument that can be urged in favor of the 
Genesee river storaga The construction of the proposed dam to 
the height of 130 feet will so far control the flood flow of the 
stream as to almost entirely relieve the Genesee valley between 
Rochesitier, Mt. Morris and Dansville of the burden of that portion 
of the annual overflow which now tends to greatly decrease the 
value of these lands for any agricultural use other than grazing. 

The question may be asked, whether the annual inundation is 
not really a benefit rather than an injury, by reason of cairrying 
a large amount of valuable silt fertilizing material over the 
entire submerged area, as in the case of the river Nile and other 
irrigating streams. The answer is that, by reason of a heavy 
May rainfall, occuring at a time when the ground water is high 
and before vegetation has become active, there is likely to be an 
overflow just at the planting season, which effectually prevents 
the putftihg in, of crops-. Frequently, too, the May overflow 
extends over into the early days of June. On examining the 
diagram of river flow T at Rochester, contributed to the survey by 
J. Y. McOlintock, C. E., city surveyor of Rochester, it is seen thait 
in 1893 the May overflow was at its extreme height on the 
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seventh, when the discharge at Rochester was at the rate of over 
14,500 cubic feet pep second; and on May twentieth the mean dis- 
charge at Rochester was 12,900 cubic feet per second. Flood dis- 
charges of these amounts are sufficient to render farming operai- 
tions impossible on a considerable portion of the flat area. On 
June 2, 1889, the discharge at Rochester was at least 20,000 cubic 
feet per second, and from personal observations by the present 
writer on that day it is known that nearly the whole flat area of 
the valley was flooded. The answer to the hypothetical question 
as to the value of the annual overflow is, therefore, that in the 
case of the Genesee valley, the May overflow comes at such a 
time as to do only injury, without any opportunity to realize 
what would be, df the inundation came only in March or April, a 
great benefit. 

The dash value then of so regulating the flow of the river as to 
do away with the May overflow, a result easily ^uooamplished, can 
be estimaitied as am average of 80 square miles, ait, aay $ 40 per 
ax?ne, or the increased valuation of the whole area would be aibout 
12,050,000. 

Moreover, the flaits above Rochesftiar are a further benefit to the 
lower river by "reason of an immense storage of ground water 
thereto, which, as the flood level subsides, gradually rums out 
with the resuIA of greaitly (Decreasing the period of extreme tow 
waiter. 

Agaita, in case of excessively heavy rains, in 1 the middle of the 
summer, from the effect of which the river channel is teanpooreurily, 
paTttally or wholly filled, such an amounit of waiter is stored in 
these flaits as to keep the river comparatively well up during Hhe 
fall. 

Thils actually happened in the season of 1893, when on August 
29, there occurred a rainfall of nearly three imchesi over the 
whole drainage area in a period of aibout 12 hours, which pro- 
duced a flood flow of 5,800 cubic feet per second alt Mount Mortis, 
and 4,800 cubic feet lalt Rochester; an amount of waiter sufficient 
to pantly fill the channel bietweean these two places^ but without 
any overflow of the adjoining flaits. Previous to this heaivy rain- 
fail, the mean flow ait Rochester had been for a mjomfth about 460 
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cubdo feet per second. At Mounffl Motrris it hlad not averaged, tot 
the same period, mane than 125 cubic feet per second. Thje 
effect «f this rain on the ground wato of thje flats, is strikingly 
shows by comparison of the two flows on itto 140(03113 Mbtfriia and 
Kodhieater diagram, where ift will be sieem that on September 3, 
the .flow at Mount Momris, was again down to 200 cubic feet per 
second, and remjaamed below that figure, except for slight; rises 
dine tto rainfall on September 7 and 8, amd September 15 and 18, 
until Ootolfoer 15, when the flow iroisie to a BJtffle over 2,000 cubic 
feet perc second. Ait Rodhesiteir, on tlhe olttoP band', the effeoti of 
the hieavy rainfall of August 29, was to so fair (replenish, the 
depleted ground water of (the flaitls lajs, with the exception of 
a few days in the early plant of October, wihem the flow dlropped to 
abouit 800 cubic feet pen .second, to keep the flow up to abkrat 1,000 
cubic feet per second, for the balance of the year. 

In ordteJT to further Musfcrate the great stkwiaige value of the 
ftaitisj, we may note tShatfi the drainage area ait Rochester is 2.3 times 
that ait Monnit Moinrfe; hence, fori propoirtfonatie yields) the flow at 
Itoriheisttier should be 2.3 times that ajtj Mount Moires. I^om the 
diagrams we teairn, however, that during August, 1893, at a time 
of extreme dry weather, the flow at Rochester was 3.7 timed thlat 
at Mount Motrriisj, and after the extreme eitotnmi of August 29, 
whftclh replenished the ground waiter of the flaittej, the flow at 
RocHestjer, during the entire replenishing period (September, 
Octoiber and November), was more thlan Ave timeis tblaitl ajt Mount 
MomriiS. 

A knowledge of this oonisttant aiocessibni of laiflge qtuamitttieisl of 
waiter friom the flats leads to amotttLer conclusion of gneaft practical 
importance, namely, thait we mjay expect to realize, ait Rochester, 
the full value of all the water added from! the sitonage ait Mount. 
Motrins; thalt is, ian addition of, say, 700 cubic feet per second; at 
Moiunt Moinrisi, in time of low water, will be likely to increase the 
flow at Rodhester 700 cubic feett per second more than it would 
have been without such addition. 

In order to show more strikingly tihle value of the flats for such 
storage, we will now compute the amount stored and held back 
tftiienetto. 

13 
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Referring to Rafter and Baker's Serarage Disposal in the United 
Stages, page 165, we find a tabulated statement of the per cent 
of empty space in a njumben of soils as foilloiwisi: 

Per cent. 

In Illinois prairie soil, tihe voids are 55.2 

In Eatft Winsdor, Connecticut, day soil, the voids are. . . 48.3 

In coarse river stand, tike voids are from 38 . 4 to 41 . 

In subsoils, tihe voids are from. . : 34.6 to 42.6 

In blowing sands, the vofildsi are 44 . 7 

j 

From these figures we learn that an estimate of 33 per cent of 
void space in the soils of the flats would be very conservative. Tihe 
mean low waitler surface of the river, channel is mosttly from 15 
to 20 feet below the surface of tihe flats. We will also assume 
that the water runs out of the upper 5 or 6 feet quickly, but that it 
is retained and delivered slowly from the balance. We have then 
33 per cent of say 12.0 feet or 4.0 feet in depth 1 over 80 square miles 
as the probable available ground water storage of the flats. For 
80 square miles this amounts to (80x640x43,560x4) = 
8,921,088,000 cubic feet. If there were any way to^ control ttliis 
ground water storage of the flats, it would by itself furnish an 
outflow of 800 cubic feet per second for fouir months, or 130 days. 
The diagram herewith submitted, taken in conjunction with the 
preceding discussouon, shows about wlhat the effect of this ground 
water storage is in the average year. For instance, on refer- 
ring to Mr. McClintockte diagram of flow at Rotehester, ilti is 
learned that the effect of this storage im June and July of last 
year was very marked. From it we see that the rainfalls of these 
two months had almost no effect on the flow of the stream which, 
must have been supported almost entirely from the ground water. 
From May 28 to July 24, the delivery of the stream was steadily 
downward; 

During this period the rainfalls were all used up by 
the demands of growing vegetation, and the flow 
of the stream was that due to stored ground waiter 
only, except possibly a very slight effect from the rainfall 
on June 6. By July 24, whalti nuajy be termed the high level rajpid 
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runoff ground water of tike flats was entirely exhausted, and 
from that time on the floiw was merely due to the deeper seated 
ground water of the whole airea, assisted, however, by the rela- 
tively mo(re rapid delivery of the flats. It may be remarked that 
the surface storage o(f the lakes otf the lower (river 1 system is 
usually abonut exhausted by July 24. 

As to the propriety of including in this discussion 
the area of the Oanesaraga -flats it may be men- 
tioned that high; water is stated by the, inhabitants to 
only occur there when the Genesee is full to overflowing 
and is therefore mostly the (result of backwater town the Genesee. 
The drainage area of the Oanesaraga creek is 259 square miles, 
and although the creek channel has for sevenal miles only slight 
declivity, ilti probably has capacity enough to discharge the ottidi- 
nary flood flows, provided the Genesee were kept within its banks. 

lit 'must not be overlooked, however, that in the absence, of 
instrumental surveys anything said on this point is subject to> 
modificatioa i < 

As a final conclusion of this division of the discussion it may 
be said that the construction of a storage dam, 130 feet in height, 
in the manner and at the point proposed!, would so far regulate the 
flood flow of the river as to prevent any disastrous overflow of 
either the flats or the exposed area in the city of Rochester. 

With intelligent managemenlti the outflow would be so regu- 
lated as to run the river channel full, or nearly full (but without 
overflow of flats) up to about June 1. In this way danger of floods 
would be removed and the benefits of the ground water storage 
in the flats retained. 

Again the storage dam would render possible the producing of 
an artificial overflow of the flatsi in April, which would give all 
the benefits of silt irrigation at a season of the year when theqe 
would be no injury to any one. 

The storage dam would furnish means for controlling such an 
overflow, both as to depth of water over the flats and as to length 
of time it would be allowed to remain. 

We will now discuss briefly the possible maximum flood flows 
of the river and the effect of the proposed storage reservoir in 
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mitigating their severity. The data for this portion of the discus- 
sion is scanty, that directly applying being confined to Mr. Kibbe's 
gaging of 1890, as given on a diagram accompanying his report 
of that year, and the gagings of last year made at Mt. Morris and 
at Rochester, the results of which are included on the two accom- 
panying diagrams already discussed. As stated in the prelimi- 
nary report, a determination of the maximum floods has a practi- 
cal bearing on the length of spillway to be provided for the stor- 
age dam, and while we have only cursory knowledge of their 
magnitude, as derived from direct observation on the stream 
itself, we may learn something by considering the flows of other 
streams of similar topography and the same or nearly the same 
drainage area. The following are| the only American streams of 
approximately the same drainage area of which faMy complete 
statements of extreme flood flows are ab hand: i 

(1) The Passaic river, in New Jersey, with an area of watershed 
at Little Falls of 773 square miles. The highest recorded flood 
flow is that of September, 1882, at which time 19,105 cubic feet 
per second flowed. This would be at the rate of 24.7 cubic feet 
per second per square mile, which quantity applied to the upper 
Genesee drainage area of 1,060 square miles, gives 26,182 cubic 
feet per second. The Passaic, however, can not be taken as a 
safe guide in this particular, because it has, like the lower Genesee, 
a considerable area of flat and surface storage. As indicating the 
possibilities of extreme floods at Rochester, we find on applying 
a maaimum flow of 24.7 cubic feet per second per square mile to 
the lower Genesee area of 2,425' square miles, a possible flood 
there of 59,898 cubic feet per second. Such a flood would sweep 
through a large area of the city, and, if long continued, would do 
damage amounting to hundreds of thousands of dollars. Inas- 
much as the State has paid extensive damages at Rochester on 
account of the flood of 1865, such figures are suggesttive as to the 
desirability of .reasonable expenditure either to prevent a recur- 
rence of the flood of 1865 or of the much larger one which a com- 
parison of figures actually obtained from the Passaic shows to be 
among the possibilities. 

(2) The Raritan river, in New Jersey, with a watershed above 
the point of gaging of 879 square miles. This stream has very 
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little storage anywhere on its watershed. The drainage area is 
mostly under high cultivation, only 13 per cent being in forest. 
From this fact its extreme flood flows are likely to be somewhat 
larger proportionately than those of the upper Genesee, with 
A\hich in other particulars it is fairly comparable. There havie 
been three great freshets on this stream during the present cen- 
tury, in 1810, 1865 and 1882. The following are some of the par- 
ticulars of that of 1882 : 

On Septembers 22, at 3 p. m., the floiw wasi 7,000 cubic feet per 
second. 

Ob September 23, cut 3 p. dol, the flow was 35,000 cubic feet pea* 
second. 

Ob September 24, at 5 p. m., the flow was 52,000 cubic feet per 
second. 

On September 25, at 7 a. m., the flow wias 7,000 cubic feet per 
steeond. , 

Thus giving a total discharge in 64 horns of 6,489,000,000 cubic 
feet oin 3.36 inches on the watershed 

The maximum on September 24 was 59.2 cubic feet per 
second per square mile, which figure, when applied to the 
upper Genesee, gives 62,752 cubic feet per second from the whole 
area. 

(3) We come now to a case nearer! our own, maimely thlait of the 
gireajt flood in the Chemung river at Elmitraj, in 1889, at. which 
time, according itio the thorough study of Mir. Oollingwood, this 
stream gave a maximum flow from a drainage ajrea of 2,055 square 
males of 138,000 cubic feet per second, equivalent to 67.1 cubic 
feet per second per square mile, which quantity applied to the 
upper Genesee would give a possible maximum discharge of 
71,126 cubic feet per second. 

The Chemung drainage area joins the Genesee area on the east 
and an inspection of the State meteorological bulletin maps shows 
tfluart the rainfall for the Chemung area must be albout the same 
as for the upper Genesee. We may, therefore^ consider the 1889 
flood on that river a little in detail, the moire especially since it 
occurred in the period of general heavy nainf all dinning which 
th)e dam ait Johnsitown broke, and at which time the Genesee 
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raiver ait Kochester dischainged 20,000 cubic feet per second as 
noted on iaj previous page of this report. J 

In the vicinity of Elmira, tike rainfalls which produced this flood 
were as follows: At Wellsboro, 36 miles southwesterly, the 
total pnecipi/teutiiJoM was 9.8 inchJes, of whildh 7.45 inches fell aCter 
9 p. m., of May 31, and before 7 a. m., of June 1. 

At South. Oamieteo, about 45 miles west from Elmira and only 
a few miles east of the dividing nidge between Cbemuiig! and 
Genealeie dirainage, tihe total rainfall wais 6.25 inches, of which 4.6 
indhes fell in three hours. Two miles west of South, Oanisteo 
6.0 inidhies fell in the same t&mJa 

At a number of other points in the vicinity, riainf alls of from 
6.0 ito 8.0 inchies in mot more than 10 to 15 hows were observed. 

The Chemung riven is formed by the junction, a elhotrt distance 
above Elmira 1 of the Tiogia^ Oanisteo amd Qohoctkm rivers. 

The Tioga is a yapid stream heading near Bloisslburg in Tioga 
oounitiy, Pennsylvania, and descends to its junction with the other 
streams, at rates varying from 80 feet per mile at its hiead to 11 
feet per mile at its month. 

The Oaniteteo, of which the drainage area adjoins the Genesee 
on the west, hag slopes in its lower reaches of about^5.5 feet per 
mjile. The Oohocton is ato> a stream of comparatively low slope, 
wMle the Chemunig itself, below the point of junction of the 
several streams, has, for some distance, a slope of 5.9 feet permite, 
although through, the city of Elmira, the slope is only 3.5 per mile. 

We have then the Tioga, a rapid stream of 750 square miles 
draimage airea; the Oanistteo much less rapid, with a drainage 
area of 780 squaire miles; thle Oohlocton, aiUso, only moderately 
rapid, with an area of 425 square miles, and the Chemung directly 
aibove Elmira^ draining about 100 square miles, miaMng a tlortjal 
•of 2,055 square miles, as already noted. 

The net results of a rainfall ait the end' of May, when the 
ground water was high, of from 6.0 to 10.0 inches over an entire 
area, varying in composition in the manner indicated, was a flood 
of such unprecedented magnitude that its like may probably not 
occur again in a century, and the practical question is whether 
the spillway of the Genesee storage damj should be desilgned with. 
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reference to the possible extreme. Talking into accoiunt the char- 
acter of the rainfall — that is, its dis/tWbution and the tendency 
to hearry falls in 24 hours, the character otf the drainiage area, the 
data derived froim studying the flood flows of olther streaims of 
which the drainage areas are known, and some of which have 
been cited in the foregoing, and the fact that the present dam at 
Mount Morris, with ai spdllwlajy 337 feet in length and 10 feet from 
crest of spillway to top of parapet wall, has never yet, in 50 years 
eetrvioe, beem taxed beyond its capacity to discharge, it has 
seemed to the present writer that the length of spillway of 400 
feet, tentatively assumed for the purpose of the preliminiary 
cepcxrt, could be fairly settled upon a® sufficient for any probable 
demands. In aiMving alt! this conclusion it bias been further 
assumed that, inasmuch as the extreme flood flows 1 are of Short 
duration, a maximum depth on spillway of 10 feet could be allowed. 
This gives for 400 feeit length a discharge of abouit 41,000 cubic 
feet per second, equivalent to 38.8 cubic feet per second per square 
mile. 

It may be further stated thait before amrivimg at the foregoing 
conclusion, so far as the writer knows, all the American liitlerature 
of stream flow in relation to rainfall has been examined. Ilk 
voluminousness, however, prevents more specific reference in this 
plaice. l 

As a final question wfe will consider in detail the effect of the 
storage provided by a dam 130 feet in height in preventing 
disastrous overflows in the broad valley below. 

In the first place the storage provided by such a dam will be, 
as shown by Mr. Bailey's tabulation, accompanying his report of 
1890, from 7,040,000,000 to 7,670,000,000 cubic feet, the exact 
quantity depending upon whether Siltie No. 1 or No. 2 is finally 
selected; 7,500,000,000 cubic feet would amount to nearly 3 inches 
over the whole drainage area. 

On examining the records of greatest rainfalls in 24 hours, in 
columns (2), (6), (7), (8), (9), (10), (11), (14), (15) and (16) in T^ble 
No. 7, we find thaitl we are likely to have two inches of precipita- 
tion in 24 hours during the months of December, Januarv, Feb- 
ruary and March, at which season we may further expect to have 
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at times the ground frozen^ and at the same time a considerable 
body of snow, which may likewise be melted by a heavy rainfall. 
We nua^y assume "the contribution from such source sufficient to 
make a ruivoff of 3 inches in 24 houns, o(P enough to compleitiely 
fill the reservoir created by a dam 130 feet wi height. If such a 
run-off occupied three days time it would be ait the mean rate of 
about 29,000 cubic feet per second. 

The management of the reservodr would ordinarily be sudh as 
to leave it empty ait the end of Januairy. If then the reservodr 
ware to be completely filled during February o«p March by such 
an extreme inflow as we have juist discussed, the natural course 
would be to gradually draw it well down through the shifoes{, 
leaving ample space for dtiorage of the heavy flow of May. Work- 
ing on these lines probably (the lower Gemesee would 1 not go out 
of its natural channel more than once or twice in a century. 

The most unfavorable case that can be assumed is that of the 
occurrence of an extreme run-off when the reservoir is full to the 
flow line. Even under .such circumstances the reservoir will still 
act as a grea# mitigator of an extreme flood flow, as may be seen 
by inspecting Table No. 8, which has been prepared specially to 
illustrate the point in question. The following discussion will 
indicate the principle embodied in this table. 

As already stated, the efficiency of the proposed storage reser- 
voir as a flood moderator will depend upon the storage capacity 
iu relation to the quantity of water flowing in from the drainage 
area. This capacity includes all storage space, whether above or 
below the crest of the overflow weir, which may be available at 
any time of heavy storm. Water is stored in the space above the 
crest only temporarily, but this space may still play an important 
part in reducing the maximum discharge below the reservoir, by 
extending the time within which the total surplus has to be passed 
down. 

Inasmuch as extreme flood flows are of short duration, we may 
neglect the effect of evaporation, absorption and leakage!, whence 
it becomes evident that the discharge by the overflow weir or 
sluices will be equal to the quantity received, less the quantity 
retained, whether temporarily or otherwise. 
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We will assume that the waiter stands at the level 
of the crest at <t!he inisitant when the inflow beoomJes equal to 
30,000 cubic feet per second, .and that the inflow remains constant 
at that figure for 24 hours, after which it gradually decreases!. 
We desire to determine the length of time which will elapse before 
the ouftflow reaches 30,000 cubic feet per second!, and the approxi- 
mate time it will remain at about that figure With the follow- 
ing notation: 
h = any given height above the crest in linear feet and h ly h 2 , 

h 8 , etc., successive equal heights. 
c = storage capacity corresponding, to h, and c x , Ca, c 8 , etc., 

successive capacities, 
q = discharging capacity of the overflow weir in cubic f eefc per 
second, as determined by the formula Q = 3.3 4/ h 8 x 1 
for the given values of h, h l9 h 2 , h 3 , etc. 
Q p = the mean discharge in cubic feet per second for any given 

Qh 2 + Qh 3 

period, as for instance, Q p = and 

2 

Qh 2 + Qh 3 

Qpi == — , etc. 

2 

S = inflow from drainage area, taken in the present case a/1 

30,000 cubic feet per second; and 
t = the time in seconds in which the water will raise to any 

given value of h above crest. 
Whence we have the formula, 

c 

t = 

S-Q p 
by which Table No. 8 has been computed. 
On referring to Table No. 8 we learn: 

(1) That, with water surface in reservoir at level of cres* of 
overflow weir and a constant inflow of 30,000 cubic feet per 
second, it will be about 6.5 hours before the outflow will reach 
15,000 cubfc feet per second. 

(2) Thait under the same conditions it will be about 24 hours 
before the outflow will reach approximately 30,000 oubio feet per 
second. 

14 
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(3) Inasmuch as the original assumption was that the inflow 
should only be at the rate of 30,000 cubic feet per second for 24: 
hours and then gradually decrease, we may therefore say that the 
flow at rate of about 30,000 cubic feet per second would only be for 
say two or three hours, instead of at least 24, as it would have been 
without the assistance of the surface storage of the reservoir. 

(4) The total inflow in 22.5 hours would be 2,431,782,000 cubic 
feet, of which 34 per cent of <the whole would be stored during 
thaft tknie temporarily in the* reservoir. 

Other deductions can be made, but the foregoing aire enough 
to show the greait practical value of flinch a reservoir as a 
modietnajtoir of floods even when entirely filled at the beginning of 

the m ft-TiwrMiim flow. 

In the same way if we assume the reservoir full and an inflow 
at the rate of 40,000 cubic feet pert second, we learn on making 
the numerical computation that about 19 hours would elapse 
before the oultflow would reach approximately thlat amount, 
in which, time a depth of ten feet would be reached on the crest* 
The total inflow in 19 hours would be 2,904,735,000 cubSc 
feet, of whteh 1,865,942,000 cubic feet would flow. out and 
1,038,793,000 cubic feet, or nearly 36 per cent of the whlole, would 
be stared tiemporairily on the suirf ace of the reservoir. 

On referring to page 96, the statement will be found that flood 
dischiao^els at Rochefilter, of from albouit 13,000 to 14,500 cubic feet 
per second, and from these quantities up to 20,000 eubio feet per 
second, represent more or lees flooding of the flartisi above Rochester. 
"Phis sttaitleanenit muslt not be taken to meam that, whan such flows 
take place at Rochester, the inflow to the flats is anything like as 
small as 15,000 to 20,000 cubic feet pen second. Table No. 8, may 
serve t)o enforce the statement that the inflow to the flats from the 
whlolie tributary area may ha, aJt tames, as large as 100,000 cubic 
feet per second;, and there sitill be no serious flood aiti Rochester. 

Making a rapid resume of the whole matter, and we may say 
thlait the benefitls to be derived from the contetactioB; of the piro- 
posed Genesee river storage, aire: 

(1) The furnishing of an adequate supply of water to the eastern 
section of tfe western division of the Erie canal, under any and all 
cdiroumHtanceeL 
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(2) A great increase in itihe peTflnanent waiter power of the 
Genesee river at Mount MJon-ifl, Rochester and intermediate points. 

(3) The protection of the Genesee flat® and the mtiy of Rochester 
from deisltriiicitive floods. 

If we compare the estimated cost of the proposed stoorage with, 
the cost of other large -storage projects, we find that the Gemeeiee 
stkxrage will compare very favorably with otfcjer large project® of 
this character thus far carried out, as, for instance: 

(1) The Sweetwater) maeonjry dfaan in Gajliforin^ wfcjene 
784,080,000 cubic feet are eftotrted, colst $938.70 per mdllioni eubio 
feet stored. 

(2) The Hemmet Valley masonry dam in California, where 
6,111,280,000 cubic feet are stored, cost $229.10 per million cubic 
feet stored. * 

(3) The Periar masonry dam in India, where 6,969,600,000 culbio 
feet are stored, eoslt $ 106.75 per million cubic feet stored. 

(4) The Betwa masonry dam in India where 1,603,008,000 cubic 
feet are stored, cost $204.25 per million cubic feet sitoned. 

Taiking the total cost of the Genesee river storage dam, 130 feet 
in height, at $2,400,000, and the storage at 7,700,000,000 cubic 
feet, and we derive a cost per million cubic feet eitlored of $311.69. 

On taking the total cost at $2,600,000, and the stealage at 
7,100,000,000 cubic feetl, and we have a cost per million eulbic 
feet stored of $ 366.20. 

Respectfully submitted, 

GEORGE W. RAPTER, 

Engineer in Charge. 
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